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ABSTRACT
. The most influential cultivars from 16 cotton breeding programs were identified 
based on the analysis o f the pedigree o f260 cultivars released between 1970 to 1990. A 
diallel cross containing ten parents and 45 Fts (no reciprocals) was conducted to 
investigate general (GCA) and specific (SCA) combining ability for yield, yield 
components, and fiber properties of ten influential cultivars. The ten cultivars varied 
significantly for all the traits except for seed cotton yield and fiber length uniformity. 
Significant or highly significant GCA effects were detected for 11 of 12 traits studied. 
This indicates important additive gene action for the majority of the traits investigated 
among the ten cultivars. Lint percentage, boll weight, lint index, seed index, and fiber 
length also showed significant SCA effects, suggesting that non-additive gene action 
was involved in the inheritance of these traits. GCA effects were generally more 
important than SCA effects. Correlation analysis revealed many positive or negative 
relationships among the GCA effects for yield, yield components, and fiber properties. 
Environments were found to have a great influence on yield, yield components, and 
fiber properties.
Random amplified polymorphic DNA (RAPD) analyses were performed to 
evaluate DNA variation of the ten influential cultivars. Of eighty-six random decamer 
primers screened for their capability of amplifying DNA via the polymerase chain 
reaction (PCR), 63 primers generated a total of 312 fragments. Forty-two bands were
ix
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polymorphic, which showed a low percentage (13.5%) o f DNA variation among the 
cultivars. All cultivars could be differentiated by nine primers. A cluster was created 
based on genetic distance calculated from RAPD data.
x
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INTRODUCTION
Cotton is one o f the most important cash crops in the world and plays a 
significant role in the U. S. economy. There are four domesticated species o f cotton in 
the world but only Upland cotton {Gossypium hirsutum L.) and Pima cotton (G.
barbadense L.) are cultivated in the United States. U. S. cotton growers have an n u a lly  
produced about 15-20 million bales (1 bale = 218 kg) of cotton in recent years, 6 -8  
million bales o f which are exported to other countries, accounting for a share o f around 
25 - 30 percent o f world cotton trade. About 8 to 10 million bales are used an n u a lly  by 
domestic mills (Johnson, 1997).
U. S. cotton production has increased steadily and quickly over the past several 
years, with only some minor fluctuations (Table 1.1). In 1986, 9.8 million bales of 
cotton were produced. By 1997, cotton production reached 18.5 million bales, an 
89% increase. This is an average annual growth rate of 8.1 percent Such a high 
growth rate was stimulated by an increase in cotton demand on domestic and world 
trade markets. Two major factors contributed to the increase in cotton production.
One was the expansion o f planted and harvested area. From 1986 to 1997, the 
harvested area rose about 1.6 million hectares, which is an average annual increase of
3.8 percent. The other factor contributing to the production increase was the rise of 
yield per unit area. Lint yields averaged 570 kg per hectare in 1986 and reached 755 
kg per hectare in 1997. Thus lint yield per hectare was 32 percent higher in 1997 than 
in 1986.
1
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Researchers have analyzed the trend of lint yield change from 1866 to 1988. 
According to Miller (1977), the national average yield o f upland cotton fluctuated 
around a mean o f 213 kg ha'1 y r1 of lint with no upward or downward trends from 1866 
to 1936. Meredith and Bridge (1982) reported that the national cotton yields rose 
rapidly from 1936 through I960, with an average increase o f 10.4 kg ha'1 yr'1. During 
the period of 1961 to 1988, the average rate o f gain in the national cotton yields was 5.6 
kg ha'1 yr'1 (Culp and Green, 1992). Recent data show a continuing trend for increased 
cotton yields since 1988 but the rate has decreased (Table 1.1). Yield increases can be 
attributed to technological advances in production, such as the use of higher yielding
Table 1.1 Cotton harvested and lint yield per unit area from 1986 to 1997 in 
 USA (data from Beltwide Cotton Prod. Res. Conf. from 1987 to 1997).
Years Harvested Area ( ha.) Lint Yield ( kg /ha)
1986 3,753,000 570
1987 4,068,000 789
1988 4,835,000 695
1989 3,860,000 682
1990 4,660,000 719
1991 5,199,000 736
1992 4,541,000 781
1993 5,300,000 670
1994 5,443,000 784
1995 6,430,000 618
1996 5,491,000 752
1997 5,341,000 755
2
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cultivars, commercial fertilizer, irrigation, effective pesticides, and. mechanization (Culp 
and Green, 1992).
Several workers have compared the performance of obsolete and current 
cultivars for yield and fiber quality. Bridge et al (1971) and Bridge and Meredith 
(1983) reported that genetic gain in lint yield averaged 10.2 and 9.5 kg ha*1 yr*1 in 1968 
and 1969, and 1978 and 1979, respectively, in the Mississippi Delta. Hoskinson and 
Stewart (1977) compared ‘Deltapine A* and ‘Carolina Dell* with four modem cultivars 
in Tennessee and found that both obsolete cultivars produced significantly less lint and 
matured later than the lowest yielding modem cultivars. Bassett and Hyer (1985) 
estimated genetic gain in lint yield of the Acala cottons in California, since 1939, at 8.0 
kg ha*1 yr*1. They also found that fiber strength has steadily increased throughout the 
40-year period and micronaire has remained in a relatively narrow but desirable range 
since the release o f * Acala 4 - 42 ’ in 1949. Culp and Green (1992) evaluated 29 
commercial cultivars and PD (Pee Dee) germplasm lines and found lint yield increases 
of 9.2 kg ha'1 yr*1. Therefore, it is obvious that improved cultivars have played an 
important role in increasing cotton yield and that cotton breeders have made continuous 
progress in improving lint yield.
Between 1970 and 1990,290 cotton cultivars were developed and released, 285 
being Upland cotton cultivars and 5 being Pima cotton cultivars (Calhoun et al., 1994). 
Bowman et al. (1995, 1996) have estimated the contribution of various breeding 
programs to these cultivars and found that two-thirds of the varieties were developed by 
17 different breeding programs. Almost every major breeding program has its most
3 .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
influential lines, lines which have been frequently used as parents in the development of 
other cultivars. That so many cultivars have one or a few common parents is a 
potential problem due to reduced genetic diversity. The narrow germplasm base tends 
to increase genetic vulnerability of crops to diseases, pests, and other environmental 
stresses. However, those germplasms that contain the most influential lines are still 
preferentially employed by cotton breeders in their breeding programs, regardless of the 
public concern about the potential genetic vulnerability. May et al.(1995) indicated 
that a germplasm usage trend in the late 1980s was the repeated mating o f genetically 
related materials, or reselection within germplasm, to develop proprietary cultivars.
Little information is available about why the most influential lines have played such a 
major role in the development of so many cultivars. The objectives of this study were 
to (i) investigate general combining ability (GCA) and specific combining ability (SCA) 
for yield, yield components and fiber properties of some of the most influential lines via 
a diallel analysis, and (ii) identify informative DNA molecular markers by utilizing the 
randomly amplified polymorphic DNA (RAPD) technique to generate a fingerprint 
profile of these influential cotton lines.
4
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CHAPTER 1. REVIEW OF LITERATURE
1.1 Genetic Bases o f  M ajor Crops in USA
. Historically, genotypes of crop cultivars have been continually changed to meet 
the needs of growers for high yield potential and consumers’ demands for quality. 
Since the 1970 com leaf blight epiphytotic, genetic uniformity of crop cultivars has 
become a subject o f major concern to plant breeders. Many reports have provided 
information on genetic uniformity (genetic diversity) among crop cultivars.
In soybean, the Committee on Genetic Vulnerability of Major Crops (1972) 
determined the pedigrees of 62 US cultivars. Specht and Williams (1983) studied 136 
northern USA and Canadian soybean cultivars belonging to Maturity Groups 00 to IV. 
They found that 12 ancestors contributed approximately 88% of the northern nuclear- 
gene pool whereas five ancestors accounted for the cytoplasm of 121 northern cultivars. 
Delannay et al. (1983) examined the pedigrees o f 158 USA and Canadian soybean 
cultivars. Their results showed that the North American soybean gene pool could be 
traced to only 50 plant introductions. A few plant introductions became increasingly 
predominant over time in their relative contributions to the gene pools. Within the 
northern gene pool, 4 introductions [Mandarin (Ottawa), Manchu, Mandarin (Illinois), 
and Richland] contributed more than 50% of the germplasm, and 10 contributed more 
than 80%. Within the southern gene pool, 2 introductions, CNS and S-100, 
contributed more than 50% of the genes. The most used introduction, CNS, was 
present in the pedigrees o f every southern cultivar examined. The main contributors to
5
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the genetic base have changed little since 1951. Although a larger number of plant 
introductions have been used in variety development, most of them have only been used 
in backcrossing programs as sources of single genes for disease resistance or other traits 
to improve already established cultivars. They have contributed little else to the genetic 
constitution of the improved cultivars. The genetic base for soybean cultivars is 
considered to be very narrow.
There is a similar trend among peanut cultivars. A frequency analysis (Knauft 
and Gorbet, 1989) of the original germplasm sources in the pedigrees of runner market- 
type cultivars indicated that ‘Dixie Giant’ was in the pedigree of all runner cultivars 
released in the USA, ‘Small White Spanish-1’ was in the pedigree of 11 of the 12 
cultivars, and ‘Basse’ and ‘Spanish 18-38’ are represented in 75 % of the cultivars. The 
Virginia market-type cultivars had a more diverse genetic background, with only ‘Dixie 
Giant’ and ‘Jenkins Jumbo’ contributing more than 10% of the germplasm. Another 
phenomenon is that farmers only use a few cultivars in their peanut production. As 
improved peanut cultivars became available in the 1950s and early 1960s, farmers 
rapidly shifted to the newer cultivars. This also resulted in the narrow genetic base of 
peanuts when a few cultivars dominated. Three cultivars, ‘Starr5, ‘Early Runner’, and 
‘Florigiant’, were grown on 70% of the cultivated land area in 1970 (Hammons, 1972). 
By 1974, anothercultivar, 'Florunner’, dominated the U.S. peanut hectarage (53%). 
‘Starr’ and ‘Comet’ (a selection from ‘Starr’) were grown on 22% of the crop area in 
that year (Hammons, 1976).
6
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The objective of most U.S. com breeding efforts is to develop inbred lines and 
make hybrids between inbred lines. Gerdes and Tracy (1993) used pedigree 
information to examine the diversity present in 37 publicly developed inbreds o f the 
Lancaster Surecrop heterotic group and to investigate the evolution to its present state. 
They found that all of the Lancaster Surecrop germplasm in these inbreds can be traced 
back to two inbred lines: Oh40B and C103. The inbred Oh40B was selected from a 
composite o f Lancaster Surecrop lines. This inbred itself was not widely used in hybrid 
production, but inbreds derived from it, Oh45 and Oh43, were used in many hybrids 
(Jenkins, 1978). Lancaster Surecrop germplasm is further restricted in that two second- 
cycle inbreds, Oh43 and Mo 17, are the most prevalent sources of Lancaster Surecrop 
germplasm in the current Lancaster Surecrop heterotic group. Twenty-seven of the 37 
inbreds are derivatives of either Oh43 or Mo 17. Furthermore, based on isozymic and 
chromatographic data, these two inbreds and their derivatives are two of the four most 
prominent germplasm sources present in modem commercially available hybrids 
(Smith, 1988).
The coefficients of parentage (r value) were used to study the genetic 
relationship among spring oat cultivars released in the north central and northeastern 
USA between 1941 and 1980 (Rodgers et al., 1983). The least genetic diversity was 
among oat cultivars released in the 1940s. The maximum value of r was 0.42, which 
occurred in the early oat cultivars released during 1941-1945. It resulted from the 
release of cultivars derived almost entirely from the cross of ‘Victoria’ x ‘Richland’.
‘ Victoria’ contains a gene called Victoria gene conferring resistance to crown-rust
7
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disease but being highly susceptible to Victoria blight disease. Severe epiphytotic of 
Victoria blight occurred at that time. Those cultivars with Victoria gene were then 
replaced by another narrow-based group of cultivars developed primarily from matings 
with ‘Bond’ as a source of resistance to crown-rust disease. During 1946-1950, r values 
remained high. The level of genetic diversity increased during the period 1951-1955 
because no single parent or combination of parents predominated- However, the genetic 
diversity decreased again in 1956-1965. This can be attributed to the frequent usage of 
‘Clinton’ and its crown-rust resistant derivatives as parents in breeding programs. After 
1965, r values decreased slowly among midseason cultivars and fluctuated among early 
cultivars (Rodgers et al., 1983).
Wheat is the world’s leading cereal grain and most important food crop. It is the 
second most important cereal crop in the U.S. Coxet al. (1986) computed four 
uniformity estimates to determine trends in genetic diversity of soft red winter and hard 
red winter wheat varieties grown commercially in the U.S. between 1919 and 1984. In 
the soft red winter wheat region, there had been a slow but steady increase in the 
relationship among cultivars based on these four uniformity estimates except for field 
uniformity which had a dramatic increase during the 1970s and decreased sharply 
thereafter. These four uniformity estimates were between. 0.15 and 0.20 in 1984. Soft 
red winter wheat breeders had taken the genetic diversity available in their region, 
augmented it by crossing with other gene pools, and combined the best germplasm into 
cultivars. This resulted in a slight, but not severe, increase in cultivar similarity. In the 
hard red winter wheat region, all uniformity estimates decreased sharply from 1919 to
8
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1949 and continued decreasing gradually after 1949. The uniformity estimates were 
0.70 or higher in 1919 and dropped to about 0.30-0.40 in 1984 for the hard red winter 
wheat cultivars. In 1919, there were 5 hard red winter wheat cultivars available but 
only one cultivar called Turkey’ was grown. Therefore, the field uniformity estimate 
was 1. Hard red winter wheat breeders, beginning with the single cultivar, Turkey’, 
made selections from this cultivar first and then gradually added new germplasm by 
crossing Turkey’ or its selections with wheat from other classes. The genetic base was 
broadened through these breeding activities. The trends in the red winter wheat region 
were considered encouraging.
Genetic interrelationships among cotton cultivars have also been investigated by 
several researchers (Brown, 1991; Bowman et al., 1995; May et al., 1995). Brown
(1991) used data from the 1987 Regional Cotton Variety Test to study the 
interrelationships of cotton cultivars based on agronomic and fiber trait measurements. 
In his study, cultivars in the Mississippi Delta, Central, and Texas High Plains regions 
did not cluster tightly, whereas cultivars in the Eastern, New Mexico, and San Joaquin 
Valley regions clustered comparatively tightly. This implies greater intercultivar 
differences in the first three regions than in the latter three, which indicates that the 
genetic base o f the first three is broader. Recently, the pedigrees of all cotton cultivars 
released in the U. S. between 1970 and 1990 were enumerated (Calhoun et al., 1994), 
which allowed coefficient of parentage to be calculated. Subsequently, the coefficients 
of parentage among 260 cotton cultivars released between 1970 and 1990 were 
tabulated and 16 highly influential lines were identified and their genetic contribution
9
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(r value) was listed (Bowman et ai., 1995,1996 ). All genetic contributions were low 
compared to the figures obtained from most other crops, e.g. soybean and wheat 
(Bowman, et al., 1995). May et al. (1995) further classified 126 cotton cultivars 
released between 1980 and 1990 into 13 clusters by use o f coefficient o f parentage. 
Mean coefficient o f parentage among the 126 cultivars was only 0.07, which implies a 
genetically diverse group. However, cluster analysis revealed a mean coefficient of 
parentage o f 0.25 within clusters. For example, within cluster I which was composed 
of 44 southeastern U. S. and Mississippi Delta bred cultivars, all o f those cultivars 
share genes through the obsolete cultivar Stoneville 2. Among the 17 cultivars in this 
cluster released between 1987 and 1990, an alarming trend was observed, that is, the 
same cultivars were extensively used as parents. Eight of the 17 cultivars have 
Deltapine 90 as a parent, and seven have highly related lines from the McNair breeding 
program as parents (May et al.,1995). May et al. (1995) suggested that mating cultivars 
from different clusters be made to broaden the genetic base of current cultivar 
development efforts.
1.2 Concept and Application of Diallel Analysis
The diallel cross is extensively used in plant breeding research to obtain genetic 
information and to help determine the breeding strategies or approaches for the 
improvement of crops. All possible single crosses of parents or inbred lines selected for 
estimates of genetic information are made. Diallel crossing techniques may vary 
depending on whether or not the parents or the reciprocal Fts or both are included in the 
experiment. Griffing (1956) described four possible experimental methods: Method 1
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includes parents, one set of F,s and reciprocal Fts (all p2 combinations where p 
represents number of parents); Method 2 contains parents and one set of F,s [1/2 p (p + 
I) combinations]; Method 3 includes one set of Fts and reciprocal (p (p-1) 
combinations]; and Method 4 contains only one set of Fts [1/2 p (p-1) combinations]. 
Each method utilizes a different statistical model for data analysis.
1.2.1 Estimate o f combining ability by diallel cross
Combining ability initially was a general concept considered collectively for 
classifying an inbred line relative to its cross performance in com research. Sprague and 
Tatum (1942) refined the concept of combining ability and further defined general 
combining ability (GCA) and specific combining ability (SCA). GCA measures the 
average performance of the progeny of a parent crossed with a number of other parents. 
SCA measures the progeny performance of a genotype with another specific genotype 
and is often expressed as a deviation of performance predicted by GCA. The GCA 
effect of a trait is considered to be controlled by additive genes. The SCA effect of a 
trait reflects non-additive genetic action such as dominance and/or epistasis. The 
evaluation o f GCA effects can be used for population improvement or development of 
inbred lines while selection of a hybrid is based on performance of SCA.
Since the diallel cross includes all possible single crosses of parents (inbreds), 
this mating system is frequently used for evaluation of GCA and SCA effects for 
different traits in various crops. Donahue et al. (1991) reported results of GCA and 
SCA for grain yield using a half diallel of 14 elite com inbreds with different levels of 
gray leaf spot disease caused by Cercospora zeaemaydis Tehon & Daniels. Both GCA
11
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and SCA were highly significant with the GCA effects being approximately twice the 
SCA effects. Interactions of GCA by environment and SCA by environment were also 
highly significant, indicating that GCA and SCA effects varied among d if f e re n t  
environments. Another research group (Vasal et al., 1993) conducted a study to 
investigate combining ability for grain yield, time to silk, plant height, and endosperm 
hardness in ten com parents. GCA effects were highly significant for all traits. SCA 
effects were highly significant fortune to silk and plant height, but not for grain yield 
and endosperm hardness. Significant genotype x environment interactions for grain 
yield and endosperm hardness existed. In wheat, Bitzer et al. (1982) chose four high 
and four low yielding parents o f soft red winter wheat for a diallel analysis. They found 
significant GCA for grain yield and each of the yield components (number o f spikes, 
kernels per spike and 200-kemel weight). SCA and year x genotype interactions were 
not significant for all variables. Hockett et al. (1993) used five spring barley cultivars to 
study combining ability for yield and malt quality. Their study showed that GCA was 
significant (P < 0.01) for grain yield and seven of eight malt traits. Malt protein and 
wort protein concentrations were the only two traits where SCA was significant (P < 
0.05) in both 1989 and 1990 F, trials. The SCA effects were also detected for grain 
yield, percent plump kernels, malt extract concentration, and protein ratio in 1989 and 
for kernel weight (P < 0.01) in 1990. These results implied that additive gene action 
was of major importance in the inheritance of traits considered.
The cited references have one point in common: that GCA effects for yield were 
statistically significant in various crops. It means that additive genes play a key role in
12
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the determination of yield. These results support the theory o f quantitative inheritance 
of yield trait. However, the fact that significant SCA effects were detected in some 
situations indicates that non-additive gene action is also important in the determination 
of yield in those cases.
Many recent studies have focused on calculating combining ability estimates for 
resistance or tolerance of plants to insects, diseases, and environment stresses. Europe 
com borer, southwestern com borer, and sugarcane borer are important com pests. 
Thome et al. (1992) analyzed data obtained from a 10-parent diallel cross of eight 
CIMMYT (International Maize and Wheat Improvement Center in Mexico) inbreds and 
two susceptible public inbreds. GCA for leaf feeding rating by Europe com borer, 
southwestern com borer, and sugarcane borer was a significant source of variation 
among F,s under artificial infestation with each of these insect species. Variation due to 
SCA was not significant. Some inbreds developed from CIMMYT’s multiple borer 
resistant population had good leaf feeding resistance to all three insect species. In a 
later report (Thome et al., 1994), they took leaf feeding rating by southwestern com 
borer and yield into consideration and found significant GCA effects for leaf feeding 
damage and for yield. The relationship between leaf feeding damage and yield 
reduction was linear but variable. Surprisingly, an inbred that was susceptible to leaf 
feeding had better combining ability for yield than all other lines under infestation and 
protection conditions. In a study conducted in com by Widstrom et al. (1992), both 
GCA and SCA effects for ear damage by insects were significant. Cisar et al. (1982) 
used twelve winter wheat parents with differential reaction to barley yellow dwarf virus
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to study the inheritance of the tolerance to this virus disease. Significant mean squares 
were found for GCA and SCA for tolerance to disease. GCA effects were more 
important than SCA effects. Aluminum toxicity is a problem for rice grown on acid 
soils because it inhibits root growth o f rice plants. Khatiwada et al. (1996) identify 
aluminum-toxicity-tolerant cultivars and then investigated the genetics of tolerance by 
diallel analysis. Their results revealed the importance of both GCA and SCA in the 
genetics o f aluminum toxicity tolerance in rice. GCA was more prevalent than SCA. 
Similar research in soybean also showed that GCA effects for a lu m in u m  tolerance of 
soybean were predominant (Spehar and Galwey, 1996).
1.2.2 Identification o f heterosis by diallel cross
The second function of the diallel cross is to estimate the amount of heterosis 
among hybrids produced from a number of parents or inbreds tested in an experiment. 
Vasak et al. (1992) chose two com populations and five gene pools from CIMMYT’s 
subtropical and temperate early-maturity com germplasm and made a seven-parent 
diallel to study heterotic patterns. The parents and 21 crosses were evaluated in 17 
temperate and 5 subtropical environments during 1985 - 1986. The highest-yielding 
combinations in temperate environments included Population 42 crossed with 
Population 46 and Pools 27,28, and 30. However, maximum high-parent heterosis was 
observed in Pool 27 x Pool 40 (10.2%). Highest yield under subtropical conditions was 
recorded for Population 48 x Pool 27, with a high-parent heterosis o f 9.9%. The 
combination with maximum high-parent heterosis was Population 46 x Pool 30 (13%). 
In a diallel cross involving five barley parents, Hockett et al. (1993) detected heterosis
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for grain yield at levels such that hybrids yielded more than the best parents. M axim um  
high-parent heterosis observed in this research was 48%. In contrast to grain yield, 
hybrids offered no advantage to pure line parents for malting quality traits though 
average heterosis (F1 mean minus mean o f parents) occurred. They stated that, if hybrid 
barley were to be commercially successful, the plant breeder would be faced with the 
problem of combining good malting quality into diverse parents in order to maviimw 
heterosis for yield and maintain quality in the hybrid. In rice, Gravois (1994) used eight 
lines to produce Ft hybrids in diallel fashion (without reciprocals). He determined high- 
parent heterosis for rough rice yield, head rice percentage, and head rice per plot. High- 
parent heterosis for rough rice yield was positive in 25 of the 28 hybrids, with an 
average value of 21%. Average high-parent heterosis for yield of head rice per plot was 
22%, ranging from 1 to 68%. Conversely, no hybrid had greater value than high parent 
for head rice percentage, which indicated that positive high-parent heterosis did not 
exist for head rice percentage in this study. Xiao et al. (1996) observed strong heterosis 
for yield, panicles per plant, spikelets per panicle, and 1000-grain weight in rice hybrids 
using a diallel cross of ten elite inbred lines (four japonica and six indica) which are 
widely used in the hybrid rice breeding program in China.
Theoretically, hybrids with the greatest heterosis can be identified for 
commercial use to increase yield and quality in most crop species by using the diallel 
cross. With large numbers of inbred lines or parents, however, it becomes difficult to 
make all possible diallel matings and grow the hybrid progenies in performance trials. 
For example, when 100 parents are available, the possible number of single cross
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combinations is P (P - l)/2 = 4950 which will be difficult to produce and grow in a 
performance trial. For this reason, the diallel cross is not used for selection of hybrids 
for production but for determining if heterosis exists in the crop concerned.
1.2.3 Genetic analysis o f traits through diallel cross
Heritability is important in plant breeding as selection strategy is basically 
dependent upon the magnitude of heritability o f a trait. The genetic analysis of 
quantitative traits can be carried out by diallel cross. Values of broad-sense and narrow- 
sense heritability o f a  trait can be computed from the genetic parameters obtained from a 
diallel design.
Mohanty and Khush (1985) studied inheritance of submergence tolerance in rice 
by using a 10 x 10 half diallel cross set involving 10 lowland rice varieties, four of 
which were tolerant and the others were nontolerant. Narrow-sense heritability value 
was high (0.72) which showed the greater importance of additive gene action in 
submergence tolerance. The broad-sense heritability value was 0.91. Haqueetal.
(1992) reported on the inheritance of rice leaf epicuticular wax content which is related 
to drought resistance. The estimated broad-sense and narrow-sense heritabilities were 
0.77 and 0.62, respectively. Gregorio and Senadhira (1993) used a nine-parent complete 
diallel to study the genetics of salinity tolerance in rice. Salinity tolerance was found to 
be governed by both additive and dominant gene effects. However, the environment 
effect was large and consequently the heritability of the trait was low, with narrow-sense 
and broad-sense heritabilities being only 0.1981 and 0.3673, respectively. Narrow- 
sense heritability for phosphorous-deficiency tolerance in rice was calculated through a
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seven-parent diallel and was 050 (Chaubey et al., 1994). Values of broad-sense and 
narrow-sense heritability for two indices of regeneration ability in rice tissue culture 
were recently reported by Taguchi-Shiobara et al. (1997). They found broad-sense 
heritabilities o f 0.919 for number of regenerated shoots and 0.736 for regeneration 
frequency and suggested that the former be a better index of regeneration ability than the 
latter. In wheat. Mou and Kronstad (1994) made a 4 x 4 diallel to analyze the 
inheritance of three characters (grain fill rate, grain fill duration, and kernel weight). 
They found that additive gene action was the principal factor explaining the genetic 
variability for these three characters. Narrow-sense heritability estimates ranged from 
0.79 for kernel weight to 0.89 for grain fill rate. Results suggested that early-generation 
selection for these traits should be effective within the materials studied. Ghannadha et 
al. (1995) reported broad-sense and narrow-sense heritability of resistance to the latent 
period of stripe rust in wheat. Broad-sense heritabilities ranged from 60 - 73 % and the 
number of genes involved in inheritance of resistance was different (from 1 to 4), 
depending on the pathotypes.
1.2.4 Diallel cross in cotton
Numerous traits in cotton have been studied through diallel analysis. Echkerwu 
and Alabi (1994) conducted a diallel crossing experiment which included three varieties 
of G. hirsutum L. and four varieties of G. barbadense L. Estimates of GCA were 
highly significant for days to first flower, days to 50% flowering and days to boll 
opening, which demonstrated the importance of additive genetic effects for these traits. 
The SCA variances were not significant for any of these traits. Using the same
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crosses. Echkerwu and Alabi ( 1995 ) analyzed variation among varieties for yield and 
its components and found that GCA effects dominated for all traits studied. SCA 
variances were smaller than GCA variances for these traits, but still significant for lint 
percentage and boll size. Ayub et al. (1991) used a 6 x 6  diallel cross to analyse 
combining a b ility  for some quality characters o f cotton. High m agnitudes of mean 
squares for GCA effects as compared to SCA effects were recorded for seed index, lint 
index and staple length, which indicates that these traits were governed by additive gene 
action. The mean squares for SCA effect for lint percentage was higher as compared to 
GCA effect, indicating non-additive gene control. In a six parent diallel experiment 
conducted by Tariq et al. (1991), a preponderance o f additive gene effects for boll 
weight, lint percentage, staple length, and seed index, was found. Non-additive gene 
effects were found to be present in the inheritance of seed cotton yield per plant, 
number of bolls per plant and lint index. Wilson (1991), in evaluating the combining 
ability of yield characteristics and earliness o f some pink bollworm (PB W)-resistant 
cottons, showed that both GCA and SCA effects were significant for lint yield and bolls 
per plant, seeds per boll, lint weight per seed, and earliness. The cross T39c-1 -L-RES 
(a PBW-resistant germplasm line) x Stoneville 825 (check cultivar) showed SCA effects 
for increased yield, seeds per boll and earliness. McPherson et al. (1995) determined the 
combining abilities of eight cotton lines for root-knot nematode resistance. Both GCA 
and SCA were highly significant. Cotton line M-315 RNR was the best general 
combiner for resistance. Green and Culp (1990) used a five-parent half diallel mating 
design to determine the potential for the simultaneous improvement in yield, fiber
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quality, and yam strength o f Upland cotton. Significant GCA was detected for 2.5% 
and 50% fiber span length, uniformity, yam strength, yield, and lint percentage. 
However, no single parent exhibited high GCA effects for yield and all fiber traits, 
which implies that simultaneous improvement in multiple fiber traits and yield probably 
will require intermating of several parental types.
13 Random Amplified Polymorphic DNA (RAPD) and Its Application
13.1 RAPD and the polymerase chain reaction (PCR)
The polymerase chain reaction (PCR) method was invented by Kary Mullis 
(Mullis et al., 1986; Mullis and Faloona, 1987) and was originally applied by a group of 
researchers in the Human Genetics Department at Cetus Laboratory to the analysis of 
human genetic variation (Saiki et al., 1985). PCR is an in vitro method for the 
enzymatic synthesis of specific DNA sequences using two oligonucleotide primers that 
hybridize to the opposite strands and flank the region of interest in the target DNA. It is 
a process that involves a repetitive series of cycles (template denaturation, primer 
annealing, and extension of the annealed primers by the DNA polymerase) that leads to 
the specific fragment being exponentially accumulated. PCR has revolutionized the 
scientific community due to its infinite number of applications in molecular biology. 
Many other widely used methods such as amplified fragment length polymorphism 
(AFLP), simple sequence repeat (SSR), sequence characterized amplified region 
(SCAR), and RAPD were developed on the basis of PCR.
As originally conceived, PCR requires target DNA sequence information for the 
design of amplification primers. It can be both time-consuming and costly to obtain this
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sequence information. In 1990, a new DNA polymorphism assay called random 
amplified polymorphic DNA (RAPD) was developed (Williams et al., 1990). The 
difference between RAPD and PCR is that a random oligonucleotide sequence is used 
as primer and only one primer is needed in the RAPD method. Although the RAPD 
technique has a short history, it is being widely used as a tool to detect DNA 
polymorphism and identify molecular markers that are well suited for variety 
identification, genetic mapping, taxonomic studies, and the determination o f  genetic 
diversity in various crops.
1.3.2 Variety identification or fingerprinting
Each variety or inbred has its own specific genetic constitution. This makes it 
possible to detect differences among varieties or inbreds and identify one variety or 
inbred from others through RAPD analysis. He et al. (1992) utilized RAPDs to detect 
polymorphisms among 13 wheat varieties and breeding lines. The overall level of 
polymorphism among these varieties and lines, measured as the proportion o f 
differences in all possible pairwise comparisons between them, was about 90% using 4 
pairs of primers. In a study conducted by Demeke et al. (1996), amplification of 
genomic DNA from 28 potato genotypes using PCR and 12 decamer primers yielded 
158 DNA fragments. A total of 128 unique RAPD fragments were observed among 
these genotypes. Heun and Helentjaris (1993) scored a total of 140 fragments from 
com materials from a partial diallel containing 5 parents and 16 F, hybrids utilizing 
RAPD and 21 primers. They found that 79.2% of these fragments were polymorphic. 
Cao and Oard (1997) conducted a RAPD analysis using 26 elite cultivars or lines of rice
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grown in Louisiana and elsewhere in the USA. The number o f primers evaluated in 
their research was 220.69 of which produced 92 polymorphic bands, 0.25 to 3.5 kb in 
size. Seven primers were identified that could differentiate all cuitivars and lines.
1.3.3 Chromosome-specific RAPD markers
Plant breeders often introduce pieces o f chromosomes into a cultivated crop 
species from a wild relative or other crop species to obtain some particularly useful trait 
such as disease resistance. Exotic chromosome segments can be individu a lly  identified 
by chromosome-specific RAPD markers. Wang et al. (1995) reported the identification 
of specific chromosomes in a set of Langdon durum wheat (Triticum turgidum L. var. 
durum) disomic substitution lines and their parents, Langdon and ‘Chinese Spring", 
using RAPD markers. Seven out of 12 primers that they screened yielded 11 products. 
These 11 RAPD markers were assigned to three A-genome, five B-genome, and one D- 
genome chromosomes. Similar research has been done to analyze disomic Triticum 
aestivun-Aegilops markgrafii addition lines and euploid introgression lines (Peil et al., 
1997). Aegilops markgrafii contains resistance genes to powdery mildew, leaf rust and 
stripe rust. The additional chromosomes B, C, D, E, F and G in these addition lines were 
identified by three, three, three, two, one and seven primers, respectively. All three 
chromosome-B-specific markers demonstrated the presence of alien chromatin in the 
leaf-rust-resistant 42-chromosome introgression lines. The three chromosome-C- 
specific markers detected the presence of alien chromatin in powdery mildew-resistant 
euploid introgression lines. RAPD primers have also been employed in the detection of 
B chromosomes in maize (Gourmet and Ray bum, 1996).
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RAPD markers are also useful in detecting changes in chromosome structure. 
Hohmann et al. (1995) used RAPD and RFLP techniques to detect interstitial and 
terminal deletion o f chromosomes in wheat Iqbal and Rayburn (1995) analyzed 
chromosome translocation in wheat near-isolines differing with respect to the presence 
of a 1RS.1BL translocation (IRS came from rye) by RAPD markers. Of 120 primers 
screened, two (OPR19 and OPJ07) amplified rye-specific DNA fragments. A 1.35-kb 
fragment generated by OPRI9 appeared to be specific to the IRS.IBL translocation 
because it was only present in lines carrying this translocation. OPJ07 amplified a 1.2- 
kb sequence that was present in 1RS.1AL translocation lines.
1.3.4 Genetic m apping
The majority of work done with RAPDs, however, has focused on the 
identification of markers that are completely or tightly linked to single genes controlling 
economically important traits, such as diseases and/or pests resistance. Various 
methods have been applied in the identification of such markers. Poulsen et al. (1995) 
used an F2 population from a cross between barley accession Q21861 and the Australian 
barley variety ‘Galleon’ to develop RAPD markers for resistance to barley leaf rust. 
They found that a 2.7-kb marker ( ) was located approximately 12 cM from
RphQ, a leaf rust resistance gene in Q21861. In similar research with rice, Wang et al. 
(1995) discovered a 1.2-kb fragment amplified by primer OPB-19, which was located 
about 6.7 cM from the thermo-sensitive genetic male-sterile gene. Subudhi et al. (1997) 
also wanted to map the thermosensitive genetic male sterility (TGMS) gene [rm5-3(t)]. 
An F2 population was produced from a cross between a TGMS mutant line
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(IR32364TGMS) and IR68 and was used as mapping population. A total of 389 
arbitrary primers were tested and four were found to be linked to tms3(t). OPF18 
(2600), OPB19 (750), and OPAA7 (550) were linked to tms3(t) in repulsion phase while 
OPAC3 (640) was linked to tms3(t) in coupling phase. The tms3(t) gene was flanked by 
OPAA7 (550) and OPB 19 (750) on one side and by OPF18 (2600) and OPAC3 (640) on 
the other side. These four RAPD fragments have been cloned and partially sequenced.
A RAPD marker tightly linked to the crown rust resistance gene Pc68 in oat was 
identified using F3 family analysis by Penner et al. (1993). By employing the same 
strategy, this group also discovered two bands produced by primers 136 and 221 that 
were shown to be linked to daylength insensitivity which is controlled by a single 
dominant gene (Dil) in oat. The map distance between these bands and the DU gene 
was estimated to be 13.9 ± 5.4 cM and 9.8 ± 4.6 cM, respectively (Wight et al., 1994). 
Hu et al. (1997) screened 1300 primers to identify RAPD markers linked to the gene 
PMl for resistance to powdery mildew in wheat using bulked segregant analysis of 
closely related lines derived from an Fs family segregating for PMl. Two RAPD 
markers, UBC 320 (420) and UBC 638 (550), co-segregated with the disease resistance. 
They further used two F, populations to analyze linkage between RAPD markers and 
powdery mildew resistance. They did not observe recombinants between either of these 
two RAPD markers and the gene for resistance to powdery mildew after investigating 
244 F, plants. These results demonstrated complete linkage between these two markers 
and the gene PMl. Nairet al. (1995) identified two RAPD markers, F8-1700 in the gall 
midge susceptible rice variety ‘ARC 6650 ’ and F10-600 in the resistant variety
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‘Phalguna’, after screening 5450 loci using 520 primers on genomic DNAs of ‘ARC 
6650 ' and ‘Phalguna’. When this assay was performed on genomic DNAs of 44 
recombinant inbred lines derived from the cross o f‘ARC 6650 ’ and ‘Phalguna’, a 1.7- 
kb fragment was amplified in the susceptible lines and a  0.6-kb fragment in the resistant 
ones. Gene Lr 24 in wheat confers resistance to leaf rust. To find RAPD markers for 
this resistance gene, Dedryver et al. (1996) tested 125 primers in a backcross line, RL 
6064, possessing a  single resistance gene to leaf rust (Lr 24) and its recurrent parent 
‘Thatcher’. Only one primer (OP-15) identified an additional band in RL 6064. They 
then tested the linkage relationship between this marker and gene Lr 24 using an F, 
population derived from a cross between RL 6064 and the susceptible line ‘Chinese 
Spring’. This molecular marker showed complete linkage to Lr 24. In order to identify 
molecular markers linked to the stem rust resistance gene rpg4 in barley, Borovkova et 
al. (1995) evaluated 500 primers in a doubled haploid barley population (125 lines in 
total) produced by anther culture from F, plants derived from a cross between Q21861 
and SM89010. Three RAPD markers, OPP-05 (930), OPH-13 (1600), and OPH-15 
(1000), were confirmed to be linked with rpg4. Near-isogenic lines have also been 
used as materials for this type of research (Barua et al., 1993; Penner et al., 1993; 
Schachermayr et al., 1994; Zhang et al., 1996; Dweikat et al., 1997; Zhang et al., 1997). 
These researchers indicated that identification and utility o f molecular markers offers a 
way to facilitate the transfer of the desired traits linked to markers in crop breeding.
In addition to the work cited above, several researchers have attempted to map 
quantitative trait loci (QTLs) on chromosomes with the aid o f RAPD markers. Enrico
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Pe et al. (1993) have identified at least five major QTLs for resistance to Gibberella 
zeae stalk rot in com by the analysis of 95 RFLP (restriction fragment length 
polymorphism) clones and 10 RAPD markers. Of the 10 RAPD markers, two (OPE- 
10IOOO and OPE-10450) were found to be within a genomic region that contained a QTL 
on chromosome 4. Similarly, Kjer et al. (1995) constructed a genetic map covering 
1100 cM containing 85 markers, including isozyme, morphological, RFLP, and RAPD 
markers in barley. Several QTLs for heading date and straw characters were associated 
with molecular markers. Fritz et al. (1995) reported their work on QTL mapping in 
winter wheat x Triticum tauschii populations. They first evaluated 147 BC2F1-derived 
families from crosses between elite common wheat lines and T. tauschii for yield, kernel 
weight, protein concentration, and kernel hardness in field experiments. They then 
determined the genotypes o f these families using I protein, 25 RFLP probes, and 8 
RAPD markers. Two RAPD markers were associated with grain yield. Three markers 
were found to account for 16% of the variance for kernel weight among families. Two 
loci associated with protein concentration and one locus associated with kernel hardness 
were also detected. To locate QTLs associated with leaf rust resistance in bread wheat, 
William et al. (1997) tested 77 recombinant inbred lines (RILs) developed from a cross 
between ‘Panda’ (resistant) and ‘Siete Cerros’ (moderately susceptible) using 400 
primers. Three RAPD markers were linked to QTLs controlling leaf rust resistance.
Two of these markers revealed two tightly linked loci that were on the long arm of 
chromosome 7B. The third probe detected loci located on the short arms of 
chromosome IB and ID. In rice, Redona and Mackill (1996) mapped two coleoptile,
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five root, and five mesocotyl length QTLs using interval mapping method. These 
results imply that in the future, QTLs with large effects can be selected based on 
molecular markers.
13 .5  Taxonomic study based on RAPD markers
Genetic relationships and diversity identified by RAPD markers can be useful in 
taxonomic studies of accessions of cultivated or wild crop species. Castagna et al.
(1997) estimated genetic variability among 49 accessions o f Triticum urartu, one T  
timopheevii accession, and two accessions o f T  durum and T. aestivum by RFLP and 
RAPD marker analysis. Twenty eight RFLP clones and 29 RAPD primers generated 
451 and 155 polymorphic bands, respectively. Three accessions from Armenia 
clustered together and were well separated from all other accessions. Sun et al. (1998) 
assessed the genetic diversity among and within 7 accessions o f Tibetan wheat, 22 
cultivars of common wheat, and 17 lines of spelt wheat through RAPD analysis. RAPD 
polymorphism was much higher within spelt and the Tibetan wheat than within 
common wheat. The genetic diversity between the Tibetan and common wheat was 
lower than that between the Tibetan and spelt wheat. Cluster analysis showed two 
groups, with all spelt wheat lines in one group and all common wheat cultivars and the 
Tibetan wheat accessions in the other group. The Tibetan wheat accessions could 
further be separated from common wheat cultivars in this cluster. The results from this 
observation support an earlier classification of the Tibetan wheat as a subspecies in 
common wheat.
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1.3.6 RAPD analysis in cotton
RAPDs have also been used in studies of cotton genetics and breeding. Multani 
and Lyon (1995) studied the genetic diversity of 12 cultivars and a breeding line of 
Gossyphan hirsutum and 1 cultivar o f G. barbadense by analysis o f RAPD markers. A 
total o f453 markers were identified. Sixty nine of these (15.2%) were only present in 
the G. barbadense cultivar Pima S-7. One hundred twenty eight RAPD markers 
(33.3%) were fixed in all 13 G. hirsutum cultivars. In pairwise comparisons of the 
degree o f band sharing, nine closely-related cultivars showed 92.1-98.9% genetic 
similarity, which indicated the lack of genetic diversity among these cultivars.
However, 10 of the 13 G. hirsutum cultivars could be characterized individually based 
on cultivar-specific RAPD markers, making it possible to differentiate closely related 
cultivars by markers. Similar research was conducted by Tatineni et al. (1996) and Iqbal 
et al. (1997). Tatineni et al. (1996) used 80 random decamer primers to amplify DNAs 
of 16 near-homozygous cotton lines derived from interspecific hybridization in New 
Mexico and 3 standards (TM-1, Pima 3-79, and Pima S-6) via PCR. These varieties 
and lines were divided into an Upland cluster and a Pima cluster based on the RAPD 
method. These results were similar to those produced by morphological character 
analysis. Recently, Wajahatullah and Stewart (1997) reported on the genomic affinity 
among Gossypium subgenus sturtia species by RAPD analysis. Yu et al. (1997) and 
Altaf et al. (1997) are constructing genetic linkage maps with molecular markers 
(RAPDs, RFLPs, AFLPs, and SSRs) in two different F, populations. Pillay and Myers 
(1999) assessed variation in the ribosomal RNA genes (rDNA) and AFLP markers
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among the four cultivated species of cotton. They found that restriction site variation in 
rDNA is useful to distinguish New (G. arboreum and G. herbaceum) and Old (G. 
hirsutum and G. barbadenset) World cottons.
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CHAPTER 2. COMBINING ABILITY ANALYSIS FOR 
YIELD AND YIELD COMPONENTS
2.1 Introduction
Cotton breeders have made tremendous contributions to increased yield by 
continually providing better and better cultivars for producers’ use. High yield of high 
quality lint fiber is the ultimate objective in cotton breeding. Yield is a result of 
combinations o f many yield components. The characteristics contributing directly to 
yield include boll number per unit of land area, boll size, and lint percentage. Boll 
number per unit of land area is generally considered as the most important yield- 
contributing factor. Boll size is expressed as the weight in grams of seed cotton per 
boll. Theoretically, larger bolls will result in higher yield. However, Kerr (1966) 
indicated that boll size had played a relatively minor role in yield improvement. Lint 
percentage is the w eight o f the lint cotton that is obtained from a given weight of seed 
cotton (expressed as a percent). Culp and Harrell (1975) reported that maintaining a 
high lint percentage was necessary to ensure high lint yield. They suggested that the 
breeder select for medium to small bolls with the greatest possible number of small 
seeds per boll to maintain a  high lint percentage. Seed index (weight of 100 seeds) and 
lint index (lint weight on 100 seeds) are another two yield components that indirectly 
affect yield by affecting other components.
The genetic study o f yield and yield components has been carried out by a 
number of investigators. White and Kohel (1964) studied genetic components for lint 
yield, bolls per plant, boll size, lint percent, seed index, and lint index. The additive
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component was significant for all these characters. Yield was the only character for 
which a dominance component was significant Later, Al-Rawi and Kohei (1969) 
reported that the additive genetic component was significant and greater than the 
dominance genetic component for lint yield per plant, bolls per plant, boll size, lint 
percent, and seed index. The dominance component was significant for all characters 
except for bolls per plant and lint percent. Verhalen et al. (1971) estimated genetic 
variance for seed cotton yield per plant, lint yield per plant, and lint percent in a diallel 
analysis among ten selected cotton varieties in 1965 and 1966. The additive genetic 
component was not significant for seed cotton yield per plant in both years. The 
dominance component was not significant for seed cotton yield per plant in 1965 but 
significant in 1966. For lint yield per plant, no significant additive component was 
detected in both years, while dominance variance was significant in both years. The 
additive component was significant for lint percent in both years, whereas the 
dominance component was not significant. Tariq et al. (1991) indicated that additive 
gene effects were important for boll size, lint percentage, and seed index and non­
additive gene effects were present in the inheritance of seed cotton yield per plant, 
number o f bolls per plant and lint index in their study. Ayub et al. (1991) reported that 
seed index and lint index were controlled by additive gene action, but lint percentage 
was primarily governed by non-additive genes. These inconsistent observations by 
different authors indicate the complexity of the inheritance o f yield and its components. 
It might be possible that using different plant materials (different cultivars or lines) in 
experiments leads to different conclusions.
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Although the coefficients of parentage among 260 varieties released between 
1970 and 1990 have been computed (Bowman et al., 1997) and 16 most influential lines 
from 17 major breeding programs have been identified (Bowman et al., 1996), little is 
known about why the most influential lines have played such a major role in the 
development of many cultivars. Based on the coefficients of parentage, these most 
influential lines can be considered to have contributed a larger proportion of genes to 
modem varieties than any other germplasm lines. It is logical to think that the more we 
understand about the inheritance of the traits such as yield and yield components among 
these influential lines, the more the future cotton breeding will benefit from the genetic 
information of these traits. The objectives of this study were to (i) investigate the 
variation of yield and yield components among some of the most influential lines and 
(ii) determine general combining ability (GCA) and specific combining ability (SCA) 
for yield and yield components of these most influential lines via a diallel analysis.
2.2 Materials and Methods
2.2.1 Materials
According to Bowman et al. (1995, 1996), there were 17 major cotton breeding 
programs in the U.S. for the period of 1970 - 1990. These breeding programs developed 
155 cotton cultivars, accounting for 60% of260 cultivars released between 1970 to 
1990. Sixteen of 17 major breeding programs also influenced one another or other 
breeding programs by providing other programs with germplasm lines and were thus 
called influential breeding programs. For instance, Stoneville germplasm lines appeared 
in the pedigrees o f228 o f260 cultivars released and New Mexico AES lines influenced
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123 cultivars. The calculation o f coefficient o f parentage has led to the identification o f 
the most influential lines in each o f the 16 influential breeding programs. Ten of these 
lines were selected as parents in this study (Table 2.1). Four lines, PD 2165, CA 614, 
DES 56, and Delcott 277, came from four public institutions and the other six lines were 
from private companies. Deltapine 15, Paymaster 54, Coker 100W, and Stoneville 2 
were released by the private companies which have had huge effects on the cotton 
industry because most of the important cultivars were bred by these companies. 
Stoneville 2 and CA 614 were the most and second most influential lines among the 16 
highly influential lines. PD 2165 was bred particularly for high fiber quality and 
released as a germpalsm line (variety) for use in the improvement o f fiber strength and
Table 2.1 Ten most influential cotton lines selected for this study (adapted from
Bowman et al., 1996 ).
Most influential 
lines
Breeding programs Genetic contribution of 
most influential lines
McNair 235 McNair/Northrup King 0.01
Coker 100W Coker Pedigreed Seed Co. 0.03
Paymaster 54 Paymaster/Cargill Seeds 0.02
Stoneville 2 Stoneville Pedigreed Seed Co. 0.09
Lankart 57 Lankart Seed Farms 0.02
PD 2165 USDA-ARS & South Carolina AES 0.02
Deltapine 15 Delta and Pine Land Co. 0.03
CA 614 Texas AES-Lubbock 0.03
DES 56 Delta Experiment Station, MS 0.02
Delcott 277 Missouri AES 0.01
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yam tenacity (Culp and Harrell, 1979). McNair 235 was a high yielding cultivar in 
production- DES 56, Delcott 277, and Lankart 57 were frequently used as materials in 
various genetic and breeding experiments. These were some considerations for 
selection of parents for the present study.
2.2.2 Methods
The ten lines were used in a diallel mating design following the description of 
Griffing (1956). Seeds o f each lines were kindly provided by Dr. E. Percival, curator, 
National Cotton Germplasm Collection, and planted in the nursery at the Ben Hur Farm, 
Baton Rouge, LA, in May of 1996. Crossing started in July when plants were in bloom. 
Each bud that was ready to flower next day was hand emasculated and covered with a 
small paper bag in the afternoon. Crosses were made by pollinating the emasculated 
flowers with the pollen of male parents the next morning. The pollinated flowers were 
covered by paper bags to prevent pollen contamination caused by bumblebees and other 
insects and were tagged with small color tags on which the cross combinations and 
pollination dates were recorded. At the same time, some flowers of each line were 
selfed to increase seeds by fastening the corolla tip of each flower with a fine wire and 
were also tagged. Open crossed and selfed bolls were harvested. Bad weather (too 
much rain) during the growing season resulted in a low boll setting percentage so that 
not enough crossed (F,) seeds were produced. During the winter of 1996 and spring of 
1997, parents were planted in the greenhouse and the Cotton Winter Nursery in 
Tecoman, Mexico and additional crosses were made as necessary to ensure enough 
seeds for field trials in 1997.
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Seed cotton from, crossed and selfed bolls were ginned in the Cotton Breeding 
Laboratory o f the Department of Agronomy, Louisiana State University, Baton Rouge, 
LA. The fuzzy seeds obtained were delinted with concentrated sulphuric acid, rinsed 
with water, neutralized with sodium bicarbonate, and rinsed again with water. Seeds 
were then air-dried. Dried seeds were treated with a cotton seed treatment mixture 
[15% Vitavax 30C, 5% Methoxychlor 300, 3% Apron, 1.5% Dye, 75.5% water], 
designated to protect seedlings from infection by seedling diseases.
Seeds o f the fifty-five genotypes, including 45 crosses (no reciprocals) and 10 
parents, were planted on 16 May L997 at Winnsboro and St. Joseph, LA. The soil type 
is Commerce silt loam at St. Joseph and Gigger silt loam at Winnsboro. The 
experimental design was a randomized complete block with three replications at each 
location. Plot size at both sites was one row, 6 m long, spaced lm apart. Plants were 
spaced 10-15cm apart within a row. Plots were maintained per Louisiana Cooperative 
Extension Service recommendations.
During the harvest season, a 50-boll sample of open bolls in each plot was 
handpicked from three replications of each test to obtain boll sample data. Boll sample 
data included: (i) lint percentage = weight of lint ginned from the samples of seed 
cotton, expressed as percentage of weight of seed cotton; (ii) boll weight = seed cotton 
weight (g) per boll; (iii) seed index = weight of 100 seeds (g); and (iv) lint index = fiber 
weight (g) on 100 seeds. Bolls were also counted in one square meter from each plot of 
parents and F,s at both locations to calculate seed cotton yield, lint yield, and 
bolls/plant. The calculated seed cotton yield (seed cotton yield for short, expressed as
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kg h a1) was obtained by using the formula [bolls m'2 x boll weight (g) x L0,000] / 1000. 
The calculated lint yield (lint yield for short, expressed as kg ha'1) was obtained by 
multiplying the calculated seed cotton yield and lint percentage. To determine number 
of bolls per plant, plant density was adjusted to 8 plants per meter squared for all plots 
at both locations and then the total number o f bolls in one square meter was divided 
by 8.
An analysis of variance (ANOVA) was conducted for parental data as described 
in Table 2.2 and significance of differences for each trait among parents was determined 
by the LSD method. A SAS (SAS Institute, 1995) program (Zhang and Kang, 1997) for 
the diallel analysis system was used for analysis of variance and estimates of GCA and 
SCA effects for yield and yield components. GCA and SCA effect estimates were based 
on the Griffing’s (1956) method 2, model 1 and the description of Hallauer and Miranda 
(1988). The model for the analysis of variance is:
XhlJk =ii + lh + bk(h) + & + gj + sy + glih + gljh + slijh +ehijk 
Where Xhjjlc is the observed value, p. is the mean, lh is the location effect, bk(h) is the 
replication effect, g, and gj are the GCA effects, stJ is the SCA effect, glih and gljh are 
GCA x location interactions, slijh is SCA x location interaction, and ehijk is the 
experimental error for the Xhijfc observation (h = 1,2 = w; k = 1,2,3 = r, i = j = 1,2,-10 
= n).
GCA and SCA effects were estimated, respectively, as 
g = [(X,... + Xli..)/wr(n + 2)] - [2X...7wm(n+ 2)]
sfj =  Xjj../wr - [(Xj... +- X,-£.. +- Xj... + Xjj..)/wr(n+ 2)] + [2X.—Avr(n + 1)( n + 2)]
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Table 2.2 Analysis o f variance table for 10 parents
Source df EMS
Locations (L) 2 -1  = 1 o2 -f 3ctpI2-(-30o12
Blocks/L II•&<N o2 + 20ob2
Parents (P) 1 0 -1 = 9 o2 + 3apl2+66p2
P x L (10-1X 2-1) =9 o2 + 3opl2
Error 59 - 23 = 36 a2
Total (2 x 3 x 1 0 )-1 = 5 9
2.3 Results and Discussion
2.3.1 Variation o f traits among parents
The parental data were analyzed and compared using an analysis of variance and 
LSD method. Table 2.3 describes how analysis of variance was conducted for yield and 
yield components of ten influential cotton cultivars. In the table, the sources of 
variation for each trait included location effects with one degree of freedom, block- 
within-location effects with four degrees of freedom, parent effects with nine degrees of 
freedom, parent by location interactions with nine degrees of freedom, and error term 
with 36 degrees of freedom. In this case, parents were treated as fixed effects, whereas 
location and block effects were considered random. To test mean squares for parents 
and locations, the interaction between parents and locations was used as the error term. 
When F tests for blocks or parent x location interactions were conducted, “Error” was 
used as error term.
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Location effects were highly significant for seed cotton yield with F and P values 
for this trait at 55.39 and 0.0017. respectively. This suggested significant differences in 
growing conditions between Winnsboro and St. Joseph. The F value and P value for 
block-within-Iocation effects for seed cotton yield were 1.66 and 0.1797. Thus, block- 
within-location effects were not significant. Variation for this trait among the ten 
parents was not significant at 0.05 level. However, the P value for parents was 0.0711, 
a value close to 0.05, which suggested that caution should be given to the parent effects 
for this trait. Significant interactions o f parent x location for seed cotton yield were 
not detected.
Sum of squares and mean squares of locations for lint yield were 6138096 and 
6138096, respectively, which gave an F value o f43.86 and a P value o f0.0027. This 
indicates that location effects were highly significant for lint yield. Block-within- 
location effects were not significant. Sum of squares and mean squares of parents were 
2531461 and 281273, respectively, giving an F value of 4.10 and a P value o f0.0237. 
Thus the ten parents showed significant variation for lint yield. Parent by location 
interactions were not significant with a P value of 0.4831.
For the trait number of bolls per plant, which has been considered as the most 
important yield factor, location effects were highly significant, indicating that bolls per 
plant were significantly different between Winnsboro and St. Joseph. There were no 
significant block-within-location effects as the F and P values were 1.52 and 0.2175, 
respectively. Sum of squares and mean squares of parents for this trait were 102.95 and
11.44. The F value for parent effects was 5.40 which had a P value o f0.0097. Thus,
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Table 2.3 Analysis of variance for yield and yield components of ten in fluential
cotton cultivars at Wtnnsboro and St. Joseph, Louisiana, in 1997.
Traitt Source df Sum of 
squares
Mean
squares
F P >F
SCY Locations (L) 1 49430232 49430232 55.39 0.0017
BIock/L 4 3569359 892340 1.66 0.1797
Parents (P) 9 12088284 1343143 2.79 0.0711
P x L 9 4329365 481041 0.90 0.5378
Error 36 19304563 536238
LY Locations (L) I 6138096 6138096 43.86 0.0027
Block/L 4 559739 139935 1.97 0.1202
Parents (P) 9 2531461 281273 4.10 0.0237
P x L 9 618012 68668 0.97 0.4831
Error 36 2558374 71066
B/P Locations (L) 1 160.33 160.33 47.29 0.0023
Block/L 4 13.56 3.39 1.52 0.2175
Parents (P) 9 102.95 11.44 5.40 0.0097
P x L 9 19.07 2.12 0.95 0.4966
Error 36 80.39 2.23
BW Locations (L) 1 4.48 4.48 22.90 0.0087
Block/L 4 0.78 0.20 2.23 0.0849
Parents (P) 9 30.42 3.38 41.29 0.000 L
P x L 9 0.74 0.08 0.93 0.5081
Error 36 3.15 0.09
t  SCY = seed cotton yield; LY = lint yield; B/P = bolls/plant; BW = boll weight.
(Table 2.3 cont.)
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(Table 23  cont.)
Traitf Source df Sum of 
squares
Mean
squares
F P >F
LP Locations (L) 1 225 22.9 15.60 0.0168
Block/L 4 55 13 2.11 0.0993
Parents (P) 9 201.8 22.4 17.14 0.0001
P x L 9 11.8 13 1.88 0.0869
Error 36 25.1 0.7
SI Locations (L) 1 0.018 0.018 0.04 0.8550
Block/L 4 153 0.48 1.82 0.1463
Parents (P) 9 10536 11.73 24.87 0.0001
P x L 9 424 0.47 1.78 0.1076
Error 36 936 027
U Locations (L) I 2.42 2.42 7.89 0.0484
Block/L 4 123 0.31 3.09 0.0276
Parents (P) 9 15.88 1.76 23.41 0.0001
P x L 9 0.68 0.08 0.76 0.6528
Error 36 337 0.10
t  LP =lint percentage; SI =seed index; LI =Iint index.
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number o f bolls per plant varied significantly among parents. Although, the parents 
showed significant differences in bolls per plant* the P value for parent by location 
interactions was high (0.4966), suggesting that the ten influential varieties responded 
consistently to the two different environments for this trait.
Boll weight was significantly different at two sites, as indicated by the high 
value of F (22.90) and the low value of P (0.0087). Block-within-location effects were 
not significant at 0.05 level. The high F value (41.29) and the low P value (0.0001) o f 
the parents indicated highly significant parent effects for boll size. Interactions of 
parent x location were not significant.
Analysis of variance for lint percentage showed significant location effects. 
Parent effects were highly significant for this yield component. Block-within-location 
effects and parent by location interaction effects were not significant for this trait.
Variation of seed index due to different environments was very small. Variation 
of this yield component caused by blocks was also not significant. The F value and P 
value of parent x location interactions were 1.78 and 0.1076, respectively. However, 
highly significant variation for this trait existed among the ten parents.
For lint index, location effects were significant. Variation caused by block- 
within-location effects was also significant. The F value for parent effects was 23.41 
which had a P value o f0.0001. It indicates that the parent effect was a major source of 
variation for lint index. Interactions of parent x location were not important in causing 
variation o f lint index.
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Taking these seven traits together* we found significant or highly significant 
parent effects for all the traits investigated except for seed cotton yield where the P 
value for this trait was close to 0.05, a threshold for significance. Four yield 
components, boll weight, lint percentage, seed index, and lint index, had large F values 
and very low P values, indicating big differences for these traits among the ten parents. 
These results show that vast variation exists among the ten influential cultivars for most 
yield components. Further detailed comparisons for these traits among the ten 
influential cotton cultivars are made in Table 2.4 and described later in this Chapter.
Other important information which Table 2.3 provides is that significant 
differences for all traits, except for seed index, existed between Winnsboro and St. 
Joseph. This can be seen from the large F values and low P values for seed cotton yield, 
lint yield, bolls per plant, boll size, and lint percentage. This implies that the growing 
conditions at the two locations were different. In addition to different soil conditions 
and cultivation practices at two sites, the weather differences were certainly important in 
causing variation in the traits studied. The weather conditions at St. Joseph were poor 
during early season because o f excessive rainfall but turned to be good for plants to 
grow and set bolls during late season. The weather at Winnsboro, however, was good at 
early season and became dry at late season. As a result, plants were taller and set more 
and bigger bolls at St. Joseph than at Winnsboro, which resulted in higher mean yield 
for all parents at St. Joseph. The average number o f bolls per plant was 7.99 at St. 
Joseph and 4.72 at Winnsboro, with 69% more bolls per plant at S t Joseph than at 
Winnsboro. Boll size at S t Joseph was 9.6% larger than that at Winnsboro (6.15 g vs.
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5.61 g). Onthe other hand, lint percentage was 3.4% lower at St. Joseph than at 
Winnsboro (36.8% vs. 38.1%). Lint index was 5.6% lower at St. Joseph than at 
Winnsboro (6.77 g vs. 7.17g). Seed index at both places was s im ilar (11.67 g at St. 
Joseph vs.-11.71 g at Winnsboro). The average seed cotton yield was 3460.9 kg ha'1 at 
St. Joseph and 1842.8 kg ha'1 at Winnsboro, about 88% higher at St. Joseph than at 
Winnsboro. Lint yield was 81% higher at St. Joseph (1277.7 kg ha'1) than that at 
Winnsboro (707.4 kg ha'1).
In this study, significant interactions o f parents x locations for yield and yield 
components were not observed, which suggests that the ten influential varieties 
responded consistently to the two different environments for all the traits investigated.
The averaged seed cotton yield, lint yield, bolls/plant, boll weight, lint 
percentage, seed index, and lint index o f the ten parents over the two sites were 
presented in Table 2.4. As noted earlier, seed cotton yield often parents was not 
significantly different based on an analysis of variance. No comparisons among parents 
were needed for this trait. Lint yield was between 671.9 - 1376 kg ha*1. There were no 
significant differences of lint yield among parents except for PD 2165 which yielded 
significantly less lint than Paymaster 54, McNair 235, Delcott 277, and Deltapine 15. 
This might be due to the fact that PD 2165 had been particularly bred and released as a 
parent for improvement o f fiber quality by the USDA-ARS & South Carolina AES 
(Culp and Harrell, 1979). Paymaster 54 had the highest boll number per plant (8.15 
bolls/plant), followed by Deltapine 15 and McNair 235. PD 2165 had the lowest boll 
number per plant (4.02 bolls/plant) and Lankart 57 produced the second lowest bolls
42
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 2.4 Mean, performance for yield and yield components o f ten influential
cotton cultivars at Winnsboro and St. Joseph, LA, in 1997.
Parent SCYf LY B/P BW LP SI LI
kg ha'1 kg ha'1 8 % 8 8
McNair 235 3412.2 1337 7.46ab 5.6 7cd 39.32ab I0.88de 7.06bcd
Coker 100W 3147.7 1108.9ab 6.73 abc 5.74cd 35.45ef ll.49cd 6.3 le
Paymaster 54 3470.7 I376.5a 8.15a 5.26d 39.75a 9 5 7 f 6.3 le
Stoneville 2 2654.9 909.2ab 5.04bc 651b 34.53f I2.47bc 6.58de
Lankart 57 2757.5 972.8ab 4.44c 7.75a 35.63def 14.27a 7.90a
PD 2165 1849.7 671.9b 4.02c 5.68cd 36J5cde 13.12b 750ab
Deltapine 15 3176.6 I26l.5a 7.48ab 5.22d 39.83a 9.96ef 6.60de
CA.614 2950.4 I089.9ab 6.67abc 5.5 led 37.15cd ll.48cd 6.79cde
DES 56 3067.8 1142.4ab 6.83abc 5.54cd 37.73bc 11.90c 7.2lbc
Delcott 277 3261.5 1264.5a 6.75abc 5.92c 38.87ab I l.73cd 7.46ab
f  SCY = seed cotton yield; LY = lint yield; B/P = bolls/plant; BW = boll weight; LP = 
lint percentage; SI = seed index; LI = lint index.
£ Means within column followed by the same letter are not significantly different at the
5% level.
per plant (4.44 bolls/plant). The boll size of Lankart 57 was 7.75 g which was 
significantly larger than that of the other nine varieties. Stoneville 2 produced the 
second largest bolls (6.51 g). Deltapine 15 and Paymaster 54 had small bolls (5.22g and 
5.26 g, respectively) compared to the other parents. Lint percentage varied significantly 
among the ten influential lines, ranging from 34.53% for Stoneville 2 to 39.83% for 
Deltapine 15. From today’s breeding point of view, a lint percentage of 34.5% is too 
low to work with. However, a 39% or higher lint percentage is a desirable characteristic 
of a modem cultivar. The parents that had lint percentages equal to or above 39%
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included Deltapine 15 (39.83%), Paymaster 54 (39.75%), and McNair 235 (39.32%). 
Seeds o f Lankart 57 were the largest of the ten influential lines. PD 2165 produced the 
second largest seeds which were not significantly different from those o f Stoneville 2. 
Paymaster 54 and Deltapine 15 had small seeds. Again, Lankart 57 and PD 2165 
exhibited higher values for fiber weight/seed as indicated by their higher lint index (7.90 
and 7.50 g). The values o f lint index were the lowest in Coker 100W (6.3 lg) and 
Paymaster 54 (631g).
Seed cotton yield is the combined function o f boll number per plant and boll size 
and lint yield is the combined function of boll number per plant, boll size, and lint 
percentage after plant density per unit of land area has been determined. These three 
yield factors (boll number per plant, boll weight, and lint percentage) are the basic 
factors that breeders can manipulate easily and conveniently in breeding programs. The 
influential cotton lines showed vast variations for most of the traits estimated in this 
study. However, these ten parents can be divided into four groups based on their 
performance o f the three yield factors. Group one, Lankart 57 and Stoneville 2, had 
larger bolls but less bolls/plant and lower lint percentage. Paymaster 54, McNair 235 
and Deltapine 15 belong to group two which had higher boll number per plant and lint 
percentage but smaller bolls (Paymaster 54 and Deltapine 15). Group three, including 
Delcott 277, DES 56, Coker 100W, and CA 614, had values between group one and two 
for bolls/plant, boll weight, and lint percentage. These three groups were not 
significantly different from one another for lint yield. PD 2165, the lowest yielding line 
due to its least bolls per plant and low lint percentage, belongs to the fourth group.
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23 .2  Combining ability analysis
To estimate GCA and SCA effects o f these ten influential cotton cultivars, 
Griffing’s (1956) method 2, model 1 was employed in  this research. The number of 
hybrids (F,s) produced by crossing the ten parents was p(p-l)/2 = 45. The number of 
entries for analysis was 55 genotypes which included 45 Fts and 10 parents.
A combined analysis of variance was performed on the data of yield and yield 
components to estimate the amount o f variability for these characteristics among 55 
genotypes. The rules for this analysis of variance were according to Zhang and Kang 
(1997) and are detailed in Table 2.5. As indicated in Section 2.3.1, location and block 
effects were considered random, whereas genotype was regarded as a fixed effect. Sum 
of squares for genotypes was further partitioned into sum of squares due to GCA and 
sum of squares due to SCA. Likewise, sum of squares for genotype x location 
interactions was partitioned into sum of squares for GCA x location interactions and 
sum of squares for SCA x location interactions. The error term for testing genotype and 
location mean squares was the genotype x location interaction. GCA x location 
interaction was used as the error term to test significance of GCA effects. Similarly, 
SCA x location interaction was the error term for SCA mean squares. The remaining 
effects (block, genotype x location, GCA x location, and SCA x location) were tested by 
using “Error” as error term. The degrees of freedom for each effect were also given in 
Table 2.5.
Results from a combined analysis of variance for seed cotton yield were 
presented in Table 2.6. Significant differences were observed for this trait among
45
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Table 2.5 Analysis of variance table for 55 genotypes (including 10 parents and 
 45 F»s >  ___________________________
Sourcef df EMSJ
Locations (L) 1 o2 + 3oCIz+ 165a,2
Blocks/L 4 o2 + 110ob2
Genotypes (G) 54 o2 + 3ocl2 + 60c2
GCA 9 a2+ 360^ + 720/
SCA 45 o2 + 3as,2 -f 60s2
G xL 54 a2-t-3oct2
GCA x L 9 (^ + 360^ 2
SCAxL 45 o2 + 3as2
Error 216 o2
Total 330
t  GCA = general combining ability; SCA = specific combining ability.
X of = location effects (random); ab2 = block effects (random); 0C2 = genotype effects 
(fixed); 0g2 = GCA effects (fixed); 0S2 = SCA effects (fixed); ocl 2 = genotype x location 
interactions (random); ag,2 = GCA x location interactions (random); osl2 = SCA x 
location interactions (random).
genotypes. Although the parents did not show significant differences (Table 2.3), their 
F,s varied significantly for this trait It appears that crosses from parents have produced 
some F, hybrids that yielded higher or lower than their parents. Sum of squares due to 
locations was very large. The F value was large (388.20) and the P value was very 
small (0.0001), demonstrating that environmental differences were large between the 
two locations. Block effects were also highly significant (P = 0.0004). Genotype x 
location interaction was not significant. Since the F and the P values for GCA effects 
were 4.02 and 0.0251, respectively, GCA effects were significant, suggesting that
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additive gene action played an important role in  this trait. GCA effects tended to be 
consistent across environments, as indicated by the lack of GCA x location interactions. 
No significant SCA effects and SCA x location interaction effects existed for this trait 
Estimates of GCA effects for seed cotton yield among the ten influential 
cultivars are given in Table 2.7. DES 56 was tbe best general combiner for 
improvement of seed cotton yield as shown by its highly significant positive GCA 
effects (GCA effect=341.09; P = 0.0003). McNair 235 was also a  good general 
combiner and had a GCA effect o f221.26 (P = 0.0193). Conversely, Lankart 57 and PD 
2165 had highly significant negative GCA effects for seed cotton yield. These two lines 
reduced seed cotton yield in their Ft hybrids by 381.24 and 375.60 kg ha*1, respectively. 
The other six varieties did not have GCA effects significantly different from zero.
In an analysis of variance for lint yield among the 55 genotypes (Table 2.8), 
variation caused by locations was still large, with a F value o f381.63 and a P value of 
0.0001. Locations accounted for about 49% of the total variation. Block-within- 
location effect was also an important source of variation for lint yield as F = 6.02 and P 
= 0.0001. The 55 genotypes varied significantly for lint yield Highly significant GCA 
effects were observed but SCA effects were not significant. Thus, additive genetic 
effects were important in the inheritance of lint yield. These results are similar to those 
obtained from analysis of variance for seed cotton yield. There were no significant 
genotype x location interactions.
GCA effects for lint yield were estimated for each of the ten influential cotton 
cultivars (Table 2.9). Four cultivars, DES 56, McNair 235, Deltapine 15, and Paymaster
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Table 2.6 Analysis o f variance for seed cotton yield of 55 genotypes (10 parents
and 45 F,s) at Winnsboro and St. Joseph, Louisiana, in 1997.
Source df Sum o f squares Mean squares F-value P > F
Locations (L) 1 335945110 335945110 388.20 0.0001
Block/L 4 15189918 3797480 5.39 0.0004
Genotypes (G) 54 79549579 1473140 1.70 0.0265
GCA 9 37597012 4177446 4.02 0.0251
SCA 45 41952567 932279 1.12 0.3527
G xL 54 46731030 865389 1.23 0.1552
GCAxL 9 9335417 1037269 1.47 0.1598
SCAxL 45 37395612 831014 1.18 0.2198
Error 216 152226072 704750
Table 2.7 Estimates of general combining ability (GCA) effects for seed cotton
yield among ten influential cotton cultivars.
Parents GCA effects T for Ho: 
Parameter = 0
P > |T |
McNair 235 221.26 2.36 0.0193
Coker 100W 70.95 0.76 0.4505
Paymaster 54 136.74 1.46 0.1466
Stoneville 2 -167.91 -1.79 0.0750
Lankart 57 -375.60 -4.00 0.0001
PD 2165 -381.24 -4.06 0.0001
Deltapine 15 117.90 1.26 0.2104
CA 614 -26.09 -0.28 0.7813
DES 56 341.09 3.63 0.0003
Delcott 277 62.90 0.67 0.5035
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Table 2.8 Analysis o f variance for lint yield o f 55 cotton genotypes (10 parents
Source df Sum of squares Mean squares F-value P > F
Locations (L) 1 41680369 41680369 381.63 0.0001
Block/L 4 2273191 568298 6.02 0.0001
Genotypes (G) 54 14786285 273820 2.51 0.0005
GCA 9 8867782 985309 7.88 0.0026
SCA 45 5918504 131522 1.24 0.2367
G xL 54 5897671 109216 1.16 0.2340
GCAxL 9 1125715 125079 1.32 0.2256
SCAxL 45 4771956 106043 1.12 0.2896
Error 216 20404246 94464
Table 2.9 Estimates o f general combining ability (GCA) effects for lint yield 
 among ten influential cotton cultivars.
Parents GCA effects T for Ho: 
Parameter = 0
P > 1 T[
McNair 235 133.62 3.89 0.0001
Coker 100W -23.07 -0.67 0.5028
Paymaster 54 88.65 2.58 0.0105
Stoneville 2 -127.50 -3.71 0.0003
Lankart 57 -169.08 -4.92 0.0001
PD 2165 -154.43 -4.49 0.0001
Deltapine 15 89.39 2.60 0.0099
CA 614 -3.26 -0.09 0.9244
DES 56 139.84 4.07 0.0001
Delcott 277 25.83 0.75 0.4530
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54, were good combiners for increasing lint yield. DES 56 and McNair 235 increased 
the lint yield of their progenies by 139.84 kg ha'1 and 133.62 kg ha*1, respectively. 
Hybrids .containing the parents Deltapine 15 or Paymaster 54 had 89.39 (P = 0.0099) 
and 88.65 kg ha*1 (P = 0.0105) of lint yield advantage. The poor general combiners for 
lint yield included Lankart 57, PD 2165, and Stoneville 2. Lankart 57 generally reduced 
lint yield in its Ft hybrids by 169.08 kg ha'1, a highly significant decrease o f yield. PD 
2165 and Stoneville 2 reduced lint yield in their progenies by 154.43 and 127.5 kg ha'1, 
respectively. The P values for negative GCA effects were 0.0001 for PD 2165 and 
0.0003 for Stoneville 2. Coker 100W, CA 614, and Delcott 277 did not show 
significant positive or negative GCA effects for lint yield.
Sum of squares, mean squares, F values, and P values for number of bolls per 
plant are presented in Table 2.10. Highly significant location effects were observed.
The F value and the P value for block-within-location effects were 4.31 and 0.0022, 
respectively, indicating highly significant block effects for bolls per plant. Highly 
significant differences existed for this trait among the 55 genotypes. When the genotype 
sum of squares (498.16) was further partitioned into GCA sum of squares (351.71) and 
SCA sum of squares (146.46), F-tests showed highly significant GCA effects but no 
significant SCA effects. Thus, number o f bolls per plant was basically controlled by 
additive genes, a situation similar to that for the inheritance of seed cotton yield and lint 
yield. Genotype x location interaction had a P value o f0.0677 which was not 
significant but close to 0.05. Sum of squares of genotype x location interaction was
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Table 2.10 Analysis o f variance for bolls per plant o f 55 cotton genotypes (10
parents anc 45 F ts) at Winnsboro and St. Joseph, Louisiana, in 1997.
Source df Sum o f squares Mean squares F-value P >F
Locations (L) 1 1046.71 1046.71 291.56 0.0001
Block/L 4 45.78 11.44 4.31 0.0022
Genotypes (G) 54 498.16 9.23 2.57 0.0004
GCA 9 351.71 39.08 6.93 0.0041
SCA 45 146.46 3.25 1.02 0.4737
G xL 54 194.06 3.59 1.35 0.0677
GCAxL 9 50.74 5.64 2.13 0.0286
SCAxL 45 143.32 3.18 1.20 0.1967
Error 216 572.95 2.65
Table 2.11 Estimates of general combining ability (GCA) effects for bolls per
plant among ten influential cotton cultivars.
Parents GCA effects T for Ho: 
Parameter = 0
P > | T|
McNair 235 0.593 3.26 0.0013
Coker 100W 0.001 0.00 0.9974
Paymaster 54 0.702 3.86 0.0002
Stoneville 2 -0.615 -3.38 0.0009
Lankart 57 -1.257 -6.91 0.0001
PD 2165 -0.825 -4.53 0.0001
Deltapine 15 0.519 2.85 0.0048
CA 614 -0.101 -0.56 0.5794
DES 56 1.056 5.80 0.0001
Delcott 277 -0.072 -0.39 0.6944
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partitioned into sunt o f squares of GCA x location interaction and sum of squares of 
SCA x location interaction. F-tests showed that GCA x location interaction effects were 
significant but SCA x location interaction effects were not significant. Therefore, GCA 
effects for bolls per plant varied between the two locations among the ten parents.
The GCA effect estimate of each parent for bolls per plant and its corresponding 
t-test value (including the P value) are given in Table 2.11. Parents differed 
significantly in their GCA effect estimates, ranging from - 1.257 (Lankart 57) to 1.056 
(DES 56). The best general combiners for bolls per plant were DES 56, Paymaster 54, 
McNair 235, and Deltapine L5, increasing the number of bolls per plant by 1.056 (P = 
0.0001), 0.702 (P = 0.0002), 0.593 (P = 0.0013), and 0.519 (P = 0.0048), respectively. 
Lankart 57, PD 2165, and Stoneville 2 exhibited highly significant negative GCA 
effects for bolls per plant, reducing the number of bolls per plant in their progenies by 
1.257 (P = 0.0001), 0.825 (P = 0.0001), and 0.615 (P = 0.0009), respectively. The 
remaining three cultivars, Coker 100W, CA 614, and Delcott 277, did not express GCA 
effects significantly different from zero. They had a neutral effect on bolls per plant.
Table 2.12 contains the analysis of variance for boll size (weight) in grams per 
boll. Location effects were highly significant as expected due to the widely varying 
weather patterns between the two sites. The highly significant F value o f 13.99 for 
block-within-location effects showed that boll weight was quite variable within an 
environment Genotypes differed significantly in boll size as indicated by the highly 
significant F value (11.55). For this trait, both GCA and SCA effects were highly 
significant, with respective F of values 34.72 and 4.46 and P values o f0.0001 and
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0.0001. This information was interpreted as indicating that both additive and non­
additive genetic effects are involved in the inheritance of boll size. Highly significant 
genotype x location interactions also existed for this trait. When sum of squares of 
genotype x location interaction was split into sum of squares o f GCA x location 
interaction and sum of squares of SCA x location interaction, both interactions were 
found to be significant.
Table 2.13 lists the estimates of GCA effects for boll weight am ong the ten 
influential cotton cultivars and the t-test results. Lankart 57, Stoneville 2, Delcott 277, 
and Coker 100W combined especially well for boll weight as shown by their highly 
significant positive impact on this trait and increased boll weight in their progenies by 
0.576 (P = 0.0001), 0.250 (P = 0.0001), 0.169 (P =0.0001), and 0.101 g (P = 0.0014), 
respectively- Paymaster 54, DES 56, Deltapine 15, and McNair 235 were poor general 
combiners for boll size because they produced progenies whose boll weight was 
decreased by 0.346 (P = 0.0001), 0.335 (P = 0.0001), 0.249 (P = 0.0001), and 0.160 g (P 
= 0.0001). respectively. Cultivars PD 2165 and CA 614 were classed as intermediate in 
their GCA effects.
Since analysis of variance has shown that highly significant SCA effects existed 
for boll weight (Table 2.12), each cross was tested to determine whether its SCA effect 
was significant. Those that had significant positive or negative SCA effects for this 
yield component are listed in Table 2.14. Nine of the 45 hybrids had highly significant 
positive SCA effects, whereas six of the 45 hybrids had significant or highly significant 
negative SCA effects. There were four crosses containing McNair 235, four crosses
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Table 2.12 Analysis of variance for boll weight of 55 cotton genotypes (10
parents and 45 F,s) at Winnsboro and St. Joseph Louisiana, in 1997.
Source df Sum o f squares Mean squares F-value P > F
Locations (L) 1 25.96 25.96 209.32 0.0001
Block/L 4 4.30 1.07 13.99 0.0001
Genotypes (G) 54 77.32 1.43 11.55 0.0001
GCA 9 54.38 6.04 34.72 0.0001
SCA 45 22.94 0.51 4.46 0.0001
G xL 54 6.71 0.12 1.62 0.0086
GCAxL 9 1.57 0.17 2.27 0.0192
SCA x L 45 5.14 0.11 1.49 0.0329
Error 216 16.58 0.08
Table 2.13 Estimates of general combining ability (GCA) effects for boll weight
among ten influential cotton cultivars.
Parents GCA effects T for Ho: 
Parameter = 0
P>!Ti
McNair 235 -0.160 -5.18 0.0001
Coker 100W 0.101 3.25 0.0014
Paymaster 54 -0.346 -11.16 0.0001
Stoneville 2 0.250 8.07 0.0001
Lankart 57 0.576 18.60 0.0001
PD 2165 -0.038 -1.21 0.2274
Deltapine 15 -0.249 -8.04 0.0001
CA 614 0.032 L02 0.3100
DES 56 -0.335 -10.81 0.0001
Delcott 277 0.169 5.47 0.0001
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Table 2.14 Estimates o f specific combining ability (SCA) significant for boll 
 weight at 0.05 level.___________
Combinations SCA effects T for Ho: 
Parameter = 0
P > [ TJ
McNair 235/ Stoneville 2 0.320 3.07 0.0024
McNair 235/PD  2165 -0.206 -1.98 0.0491
McNair235/DES 56 -0.244 -2.34 0.0203
McNair 235 /  Delcott 277 0.344 3.30 0.0011
Coker 100W / Lankart 57 -0.297 -2.85 0.0047
Coker 100 W /PD  2165 0.380 3.64 0.0003
Coker 100W / Deltapine 15 0.361 3.46 0.0006
Coker 100W/CA614 0.394 3.78 0.0002
Paymaster 54 / Lankart 57 -0.311 -2.98 0.0032
Paymaster 54 / CA 614 0.319 3.06 0.0025
Stoneville 2 / DES 56 -0.294 -2.82 0.0052
Lankart 57 / PD 2165 -0.456 -4.38 0.0001
Lankart 57 / CA 614 0.333 3.20 0.0016
PD 2165/D elcott277 0.379 3.64 0.0003
Deltapine 15 / CA 614 0.352 3.38 0.0009
containing  Coker 100W, two crosses containing Paymaster 54, two crosses containing 
Stoneville 2, four crosses containing Lankart 57, four crosses containing PD 2165. two 
crosses containing Deltapine 15, four crosses containing CA 614, two crosses 
containing DES 56, and two crosses containing Delcott 277. It is obvious that non­
additive gene action plays an important role in the inheritance of boll size.
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Analysis of variance for lint percentage was given in Table 2.1 5. Environment 
effects were highly significant. The F-test for block-within-location effects gave a P 
value o f 0.0168 which indicated that block effects were significant. Variation due to 
genotypes was highly significant. Although the SCA sum of squares (144.6) was less 
than the GCA sum of squares (976.0), both GCA and SCA effects were highly 
significant (P = 0.0001 for both effects). These results imply that lint percentage was 
inherited by both additive and non-additive gene action in this study. The F value of 
2.34 for genotype x location interaction gave a P value o f0.0001, suggesting that the 
interaction effects were highly significant. Highly significant GCA x location 
interaction indicates that the GCA effects of parents were inconsistent across the two 
environments. SCA x location interaction effects were also important. Based on the 
magnitude of the sums of squares though, SCA and SCA x location effects are less 
important than those associated with GCA.
Based on the analysis of variance, GCA effects were highly significant (Table 
2.15). Measurement of GCA effects for each parent and the corresponding t-tests were 
conducted (Table 2.16). Five cultivars, McNair 235, Paymaster 54, Deltapine 15, CA 
614, and DES 56, had highly significant positive impact on lint percentage in their F, 
hybrids. The cultivar with the best GCA was McNair 235 which increased lint 
percentage in its progenies by 1.61. The second and third best general combiners were 
Deltapine 15 and Paymaster 54, which had GCA estimates o f 1.34 and 1.06, 
respectively. F, hybrids derived from Coker 100W, Stoneville2, Lankart 57, and PD 
2165, however, had decreased lint percentage as GCA effects o f these four parents were
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Table 2.15 Analysis o f variance for lint percentage of 55 cotton genotypes (10
parents and 45 F,s) at Winnsboro and St. Joseph. Louisiana, in 1997.
Source df Sum o f squares Mean squares F-value P > F
Locations (L) 1 114.9 114.9 75.10 0.0001
Block/L 4 8.1 2.0 3.09 0.0168
Genotype (G) 54 1120.6 20.7 13.56 0.0001
GCA 9 976.0 108.4 26.65 0.0001
SCA 45 144.6 32 3.14 0.0001
G xL 54 82.7 1-5 2.34 0.0001
GCAxL 9 36.7 4.1 6.21 0.0001
SCA x L 45 46.1 1.0 1.56 0.0194
Error 216 141.5 0.7
Table 2.16 Estimates of general combining ability (GCA) effects for lint
percentage among ten influential cotton cultivars.
Parents GCA effects T for Ho: 
Parameter = 0
P > | T|
McNair 235 1.61 17.78 0.0001
Coker 100W -1.45 -16.04 0.0001
Paymaster 54 1.06 11.75 0.0001
Stoneville 2 -2.07 -22.89 0.0001
Lankart 57 -0.97 -10.72 0.0001
PD 2165 -0.49 -5.38 0.0001
Deltapine 15 1.34 14.80 0.0001
CA 614 0.37 4.08 0.0001
DES 56 0.57 6.32 0.0001
Delcott 277 0.03 0.30 0.7638
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negative and highly significant. Hybrids containing Stoneville 2 had an averaged 
decrease of 2.07 in lint percentage (P = 0.0001). Coker 100W reduced lint percentage 
in its progenies by 1.45 (P = 0.0001). There was only one cultivar, Delcott 277, whose 
GCA effect for lint percentage was not significantly different from zero.
The ten crosses that had estimates of SCA effects significant at the 0.05 level for 
lint percentage are listed in Table 2.17. Two crosses, McNair 235 f  DES 56 and Lankart 
57 / CA 614, expressed SCA effects that were significantly greater than zero. The other 
eight crosses that had SCA effects significantly less than zero were Coker 100W / 
Stoneville 2, Coker 100W / Lankart 57, Stoneville 2 / Lankart 57, Stoneville 2 / PD 
2165, Stoneville / DES 56, Lankart 57 / Delcott 277, PD 2165 / Delcott 277, and 
Deltapine 15 / Delcott 277.
Table 2.18 presents an analysis of variance for lint index among the 55 
genotypes- Mean squares for location was 6.34 which had a F value o f54.96 (P =
0.0001), showing highly significant location effects. Highly significant block effects 
were also detected. The 55 genotypes were highly variable as shown by the highly 
significant F value. Sum of squares for genotype (83.54) was partitioned into sum of 
squares for GCA (74.20) and SCA (9.35). The F value o f40.00 for GCA effects was 
highly significant (P = 0.0001). The F value of 2.14 for SCA effects was also highly 
significant (P = 0.0061). Thus both additive and non-additive gene actions are 
important in determining the inheritance of lint index, with GCA being more important 
than SCA. Genotypes did not vary the same way across the environments as indicated 
by the significant genotype x location interaction. The genotype x location interaction
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Table 2.17 Estimates of specific combining ability (SCA) significant at 0.05
level for lint percentage.
Combinations SCA effects T for Ho : 
Parameter = 0
P>!T j
McNair235/DES 56 1.29 4.25 0.0001
Coker 100WI Stoneville 2 -1.65 -5.43 0.0001
Coker 100W / Lankart 57 -1.00 -3.30 0.0011
Stoneville 2 /  Lankart 57 -0.90 -2.96 0.0034
Stoneville 2 /  PD 2165 -0.67 -2.20 0.0292
Stoneville 2 / DES 56 -0.91 -2.99 0.0031
Lankart 57 /  CA 614 1.34 4.41 0.0001
Lankart 57 /  Delcott 277 -0.77 -2.52 0.0125
PD 2165/Delcott 277 -0.93 -3.07 0.0024
Deltapine 15 / Delcott 277 -0.66 -2.17 0.0312
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Table 2.18 Analysis of variance for lint index of 55 cotton genotypes (10 parents
anc 45 Frs) at Winnsboro and St. Joseph, Louisiana, in 1997.
Source df Sum of squares Mean squares F-value P > F
Locations (L) 1 6.34 6.34 54.96 0.0001
Block/L 4 3.97 0.99 12.05 0.0001
Genotypes (G) 54 83.54 1.55 13.42 0.0001
GCA 9 74.20 8.24 40.00 0.0001
SCA 45 9.35 0.21 2.14 0.0061
G xL 54 6.23 0.12 1.40 0.0487
GCAxL 9 1.85 0.21 2.50 0.0096
SCAx L 45 4.37 0.10 1.18 0.2189
Error 216 17.78 0.08
Table 2.19 Estimates of general combining ability (GCA) effects for lint index
among ten influential cotton cultivars.
Parents GCA effects T for Ho: 
Parameter = 0
P > | T|
McNair 23 5 0.071 2.20 0.0289
Coker 100W -0.367 -11.44 0.0001
Paymaster 54 -0.375 -11.70 0.0001
Stoneville 2 -0.287 -8.96 0.0001
Lankart 57 0.694 21.63 0.0001
PD 2165 0.301 9.38 0.0001
Deltapine 15 -0.224 -7.00 0.0001
CA 614 0.058 1.81 0.0724
DES 56 -0.064 -1.99 0.0481
Delcott 277 0.194 6.06 0.0001
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was mainly due to the highly significant interaction between GCA and location. SCA x 
location interaction was not significant and thus did not contribute much to the genotype 
x location interaction.
Estimates o f GCA effects for lint index among the ten influential cotton 
cultivars and t-test results are presented in Table 2.19. Lankart 57 had the best 
performance in contributing increased lint index to progenies. The GCA effect estimate 
of this variety was Q.694 and had a T value of21.63(P =  0.0001). The cultivar with the 
second best GCA was PD 2165, which had a GCA estimate o f 0.301. Delcott 277 and 
McNair 225 also produced progenies with increased lint index. Paymaster 54 had the 
lowest GCA estimate (- 0.375) which was significantly less than zero. Coker 100W had 
the second lowest GCA effect (- 0.367). Lint index of hybrids co n taining  parent 
Stoneville 2 or Deltapine 15, or DES 56 was also significantly reduced. CA 614 had a 
positive GCA effect o f0.058 which was not significantly different from zero.
There were four crosses that had important SCA estimates for lint index (Table 
2.20). Lankart 57 (as male parent) combined well with McNair 235 and Paymaster 54. 
These two crosses had highly significant SCA estimates of 0.301 g (P = 0.0057) and 
0.300 g (P = 0.0058). Lankart 57 (as female parent) also combined specifically with CA 
614 for increased lint index (SCA effect = 0.357 g; P = 0.0011). A significant negative 
SCA effect (- 0.2478) was detected for Coker 100W./ Stoneville 2.
Table 2.21 contains the results o f an analysis of variance for seed index.
Location effects for seed index was not as large as those for the yield and yield 
components described above. Sum of squares for locations was 1.92 and only
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Table 2.20 Estimates of specific combining ability (SCA) significant at 0.05
level for lint index.
Combinations SCA effects T for Ho: 
Parameter = 0
P > | Tj
McNair 235 / Lankart 57 0.301 2.79 0.0057
Coker 100W /  Stoneville 2 -0.247 -2.29 0.0232
Paymaster 54 /  Lankart 57 0.300 2.79 0.0058
Lankart 57/C A  614 0.357 3.31 0.0011
accounted for about 1/320 o f total variation. Nevertheless, the location effects were still 
statistically important. Block effects were highly significant. Variation due to 
genotypes was very large and the sum of squares was 566.42 which accounted for about 
88% of total variation for this trait. The F value and P value for genotypes was 27.33 
and 0.0001, respectively. Further partition of genotype effects into GCA and SCA 
effects showed that both GCA and SCA effects were highly significant. Thus seed 
index is governed by both additive and non-additive genes. GCA effects were more 
important than SCA effects because GCA effects accounted for 79% of the total 
corrected sum of squares and had much higher F value (F = 88.47) than SCA effects (F 
= 3.95). GCA x location interactions were highly significant. Significant SCA x 
location interaction effects were also observed.
GCA effect estimates for seed index among the ten parents are given in Table 
2.22. For this trait, all the ten parents expressed significant or highly significant GCA 
effects. The GCA effect of Lankart 57 was the highest of all parents. Lankart 57
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Table 2.21 Analysis of variance for seed index of 55 cotton genotypes (10
parents and 45 F,s) at Winnsboro and St. Joseph, Louisiana, in 1997.
Source df Sum of squares Mean squares F-value P > F
Locations (L) 1 1.92 1.92 4.99 0.0297
Block/L 4 7.58 1.89 9.36 0.0001
Genotypes (G) 54 566.42 10.49 27.33 0.0001
GCA 9 507.14 56.35 88.47 0.0001
SCA 45 59.27 1.32 3.95 0.0001
G xL 54 20.72 038 1.90 0.0007
GCAxL 9 5.73 0.64 3.15 0.0014
SCAxL 45 14.99 0.33 1.65 0.0104
Error 216 43.72 0.20
Table 2.22 Estimates of general combining ability (GCA) effects for seed index
among ten influential cotton cultivars.
Parents GCA effects T for Ho: 
Parameter = 0
P > | T!
McNair 235 -0.711 -14.14 0.0001
Coker 100W 0.109 2.16 0.0318
Paymaster 54 -1.150 -22.87 0.0001
Stoneville 2 0.581 11.56 0.0001
Lankart 57 1.716 34.11 0.0001
PD 2165 0.751 14.94 0.0001
Deltapine 15 -1.038 -20.63 0.0001
CA 614 -0.133 -2.65 0.0087
DES 56 -0.419 -8.33 0.0001
Delcott 277 0.294 5.85 0.0001
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produced the largest seed with a seed index o f 14.27 g (Table 2.4). Hybrids with 
Lankart 57 as one of the parents generally produced larger seeds. PD 2165 and 
Stoneville 2 were the second (0.751 g) and third (0.581 g) best general combiners for 
seed index (Table 2.22). They also had the second (13.12 g) and third (12.47 g) highest 
seed index (Table 2.4). Delcott 277 and Coker 100W were also good general 
combiners. Paymaster 54 and Deltapine 15 had the lowest (- 1.150 g) and second 
lowest (- 1.038 g) GCA effects (Table 2.22). These two cultivars also had the lowest 
(9.57 g) and second lowest (9.96 g) seed index (Table 2.4). The remaining three 
cultivars, McNair 235, CA 614, and DES 56, reduced seed index in their hybrids by 
0.711, 0.133, and 0.419 g, respectively, and are thus classified to the group of poor 
general combiners.
The highly significant SCA effects indicate that some crosses had a seed index 
different than that indicated from GCA effects (Table 2.21). Twelve of the 45 hybrids 
were found to be such crosses (Table 2.23). McNair 235 / DES 56, Paymaster 54 / 
Deltapine 15, and Lankart 57 / DES 56 had high but negative SCA effects, suggesting 
that seeds produced by these three crosses were smaller than expected from GCA 
effects. Coker 100W combined well with Stoneville 2, Lankart 57, and PD 2165. 
Positive SCA effects were also identified for Paymaster 54 / Lankart 57 and Paymaster 
54 / CA 614. Hybrids expressing positive SCA effects also included Stoneville 2 / 
Lankart 57, Lankart 57 / Delcott 277, PD 2165 / Delcott 277, and CA 614 / Delcott 277.
Although significant or highly significant GCA effects were observed for each 
trait measured in this study, parents performed diversely for these traits for their GCA
64
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 2.23 Estimates of specific combining ability (SCA) significant at 0.05
level for seed index.
Combinations SCA effects T for Ho: 
Parameter = 0
P >[ T[
McNair 235/DES 56 •0.688 -4.07 0.0001
Coker 100W / Stoneville 2 0.446 2.64 0.0089
Coker 100W / Lankart 57 0.927 5.48 0.0001
Coker 100W/PD 2165 0.586 3.47 0.0006
Paymaster 54 / Lankart 57 0.628 3.71 0.0003
Paymaster 54 / Deltapine 15 -0.362 -2.14 0.0335
Paymaster 54 / CA 614 0.454 2.68 0.0079
Stoneville 2 / Lankart 57 0.526 3.11 0.0021
Lankart57/DES 56 -0.520 -3.07 0.0024
Lankart 57 / Delcott 277 0.711 4.21 0.0001
PD 2165/D elcott277 0.591 3.49 0.0006
C A 614/ Delcott 277 0.602 3.56 0.0005
effects. For example, McNair 235 had a significant positive impact on seed cotton 
yield, lint yield, bolls/plant, lint percentage, and lint index, and a significant negative 
impact on boll size and seed index. Lankart 57, on the other hand, contributed increased 
boll weight, seed index, and lint index, and decreased seed cotton yield, lint yield, boll 
number per plant, and lint percentage to its F! progeny. Stoneville 2 was reported to be 
the most influential line and CA 614 was the second most influential line among 
influential cotton lines (Bowman et al., 1996). They were thought to have contributed a 
relatively large proportion of genes to modem cultivars. Surprisingly, Stoneville 2
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expressed negative GCA effects for seed cotton yield, lint yield, boll number per plant, 
lint percentage, and lint index. It only contributed increased boll weight and seed index 
to its Ft hybrids. CA 614 combined well for lint percentage, resulted in decreased seed 
index, and had little impact on other traits. These results conflict with the fact that 
Stoneville 2 and CA 614 had the greatest genetic contributions to cultivars released 
between 1970 - 1990.
McNair 235, Paymaster 54, Deltapine 15, and DES 56 were good general 
combiners for both seed cotton yield and lint yield. They also had highly significant 
positive GCA effects on boll number per plant and lint percentage and a negative GCA 
effect on boll weight. Stoneville 2, Lankart 57, and PD 2165, however, produced 
progenies having decreased seed cotton yield and lint yield. Their GCA effect estimates 
were negative and highly significant for bolls per plant and lint percentage but positive 
for boll weight except that PD 2165 was near zero in its GCA effect for boll weight.
The remaining three cultivars had intermediate GCA effects for these traits. These 
observations suggest a positive relationship between GCA effect for yield and GCA 
effects for bolls per plant and lint percentage and an adverse relationship between GCA 
effect for yield and GCA effect for boll weight. This information can help breeders 
select parents in their breeding programs. The relationships among GCA effects will be 
further analyzed and discussed in Chapter 3.
GCA effects were significant for every trait investigated in this research. This 
indicates important additive gene action for these traits among the ten influential cotton 
varieties. SCA effects were significant only for four yield components which were lint
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percentage, boll weight, lint index, and seed index, suggesting the importance of 
dominance gene action, as well as additive gene action, for these four traits. It appears 
that G C A  was the predominant factor in explaining variation among cross m eans, which 
implies that additive gene action was of major importance in the inheritance of yield and 
yield components. Even where S C A  was statistically significant, G C A  mean squares 
and their F values were much larger than the S C A  mean squares and the resulting 
^  values.
Genotypes showed wider variation for four of 5 yield components than for yield. 
F values for seed cotton yield and lint yield were 1.70 and 2.51, respectively. F value, 
however, was 11.55 for boll weight, 13.56 for lint percentage, 27.33 for seed index, and 
13.42 for lint index. Genotypes had similar F values for yield and number of bolls per 
plant. The same trend was observed in GCA and SCA effects. For example, F values 
for seed cotton yield, lint yield, and bolls per plant in GCA effects were 4.02,7.88, and 
6.93, whereas F values for boll weight, lint percentage, seed index, and lint index were 
34.72,26.65, 88.47, and 40.00, respectively, with the latter four values being much 
higher than the former three. These observations indicate that significant variation in 
yield components does not necessarily result in the same variation in yield.
Environment effects on yield and yield components varies with different traits in 
this study. Large environmental influence was observed on seed cotton yield, lint yield, 
bolls per plant, and boll weight and the F values for these four traits were 388.20,
381.63,291.56, and 209.32, respectively, which all had very low P values. The lower F 
value of 4.99 (still significant at 0.05 level, Table 2.21) reflects that seed index was
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relatively less sensitive to en v ironm ents The F value o f location effects was 75.10 for 
lint percentage and 5456 for lint index. Therefore, environment effects on traits in this 
study were seed cotton yield >lint yield >bolls per plant >boll weight >lint percentage 
>lint index >seed index.
Our results suggest that breeders have used different types of germplasm to 
improve cotton. Stoneville 2 and Lankart 57 might have been used to increase boll size 
and thus to increase yield, whereas Paymaster 54, McNair 235, and Deltapine 15 might 
have been used to develop varieties having more bolls per plant and higher lint 
percentage. Yet these strategies have been successful in breeding cotton for increased 
yield because new varieties usually yield more than old ones. Since significant positive 
GCA effects for boll number per plant and lint percentage were indicators for significant 
positive GCA effects for seed cotton yield and lint yield in most situations as shown in 
this study, utility of germplasm having high GCA effects for boll number per plant and 
lint percentage should increase the possibility of producing high yielding progeny.
2.4 Conclusions
According to Bowman et al. (1995,1996), influential cotton lines are those that 
have a higher coefficient of parentage in modem varieties than other germplasm lines. 
Sixteen highly influential lines from 16 major breeding programs have been identified 
and ten of them were used in this study to derive estimates of combining ability for yield 
and yield components in a diallel.
The ten parents varied extensively for the yield traits investigated except for seed 
cotton yield. Variation was larger for yield components than for yield itself. This
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implies that breeders have utilized different parental characteristics to improve cotton 
and these strategies have proven to be successful.
Significant variation was observed for every trait among the 55 genotypes 
including 10 parents and 45 Ft hybrids derived from all possible crosses between 
parents (no reciprocals). Genotype x location interactions were significant for boll 
weight, lint percentage, lint index, and seed index.
GCA effects were significant for all the traits studied. This suggests that 
additive gene action was o f importance in determining the inheritance of the yield and 
yield components. GCA patterns changed across locations for bolls per plant, boll 
weight, lint percentage, seed index, and lint index as GCA x location interactions were 
significant for these traits. This indicates that selection of parents for high GCA for 
these yield traits in one environment might not predict performance of the same parents 
in other environments. Comparison of parents for their combing ability in multiple 
environments can increase efficiency o f selection. Significant SCA effects were 
detected for boll weight, lint percentage, lint index, and seed index, suggesting that non­
additive genes played roles in inheritance of these four yield components. GCA effects 
were found predominant for all the traits when GCA effects were compared with 
SCA effects.
Parents performed diversely for their GCA effects. None of the parents 
exhibited positive GCA effects for every trait In general, a parent with high and 
positive GCA effects for bolls per plant and lint percentage expressed negative GCA 
effect for boll weight and vice versa. This phenomenon is probably caused by a
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physiological process in plants which simultaneously affects two or more characteristics 
(pleiotropy). Stoneville 2 and CA 614 were the most and second most influential lines 
(Bowman et al., 1996), yet they had negative GCA effects or were nearly neutral in 
GCA effects for most o f the traits. According to Calhoun etal. (1994), most of the 
influential Stoneville lines were not involved in the most recent crosses. Speculatively, 
Stoneville 2 once was an excellent parent and was used in many breeding programs, but, 
in the most recent time, better cultivars such as Paymaster 54, McNair 235, and PD 
2165 became available and were more frequently chosen as parents.
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CHAPTER 3. COMBINING ABILITY ANALYSIS 
FOR FIBER PROPERTIES
3.1 Introduction
Textile production requires natural or synthetic fibers as raw m ateria l*  Cotton 
is the most commonly used natural textile fiber in  the world, accounting for about 50 
percent of total world fiber production and representing about 38 percent o f all fibers 
used in apparel (Starbird et al., 1987). Cotton with a high quality is usually used to 
produce apparel, whereas lower quality cotton is used for home furnishings  or industrial 
products (Steve et al., 1998).
Four species o f cotton are grown in the world. The Asiatic cottons, including G. 
arboreum and G. herbaceum, are primarily cultivated in India and Pakistan. Both the 
yield and the fiber quality of these species are low. The production of the Asiatic 
cottons is not important in total world production. The production of G. barbadense is 
mainly in Egypt. Sudan. USA, and some countries of the former USSR. The fiber 
quality of this species is high (long, fine, and strong fibers). The fiber of G. barbadense 
is used mostly for the production of luxury fabrics and sewing thread. But the yield of 
this species is low compared with G. hirsutum. G. barbadense accounts for about 8% 
of the world’s cotton production. G. hirsutum, also called Upland cotton, is the 
predominant form of cotton grown in the world and accounts for 91% of world 
production. This species is extensively grown due to its relatively high yield and wide 
adaptation. The fiber quality is better than that o f the Asiatic cottons but lower than that 
of G. barbadense (Nile and Feaster, 1984; Lee, 1984). Only G. barbadense and G.
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hirsutum cultivars are grown in the U.S., with, the latter being the most widely 
cultivated species.
Improvement o f fiber properties has been one o f the most important objectives 
in cotton breeding because the textile industry needs high quality cotton fiber to m ake  
their products competitive in the marketplace. In Upland cotton breeding, breeders have 
made efforts to improve fiber quality as well as yield potential. Two types of Upland 
cotton cultivars are examples of this breeding emphasis: the Acala cultivars and PD 
cultivars and germplasm.
The Acala cultivars are high yielding and produce good quality fiber according 
to U.S. cotton handbook (Anonymous, 1981). The Acalas produce the highest quality 
fiber among the Upland cultivars, in that their fibers are the longest and the strongest. 
The Acala types obtained the name ‘Acala’ because the initial germplasm stock was 
collected in 1906 near the village of Acala, Chiapas, Mexico. The early generation of 
breeders made selections and reselections from this accession to develop Acala cultivars 
such as 'Acala 5’ and ‘Acala 8’. Later, other Upland cotton germplasms were 
introduced into the Acala cultivars. The introgression of G. barbadense germplasm into 
Acala cultivars has also occurred though the exact parentage of the introgression process 
is unknown (Nile and Feaster, 1984; Cooper, 1998; Staten, 1998). Bassett and Hyer 
(1985) reported that the genetic gain in lint yield of the Aacla cottons was 8.0 kg ha'1 yr'1 
in California since 1939. They also found that fiber strength has steadily increased for 
over 40 years and that micronaire has remained in a relatively narrow but desirable 
range since the release of 'Acala 4 - 42 ’ in 1949. These observations clearly indicate
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that the yield potential and the fiber quality of Acala types has been improved 
simultaneously. The reputation o f good fiber properties o f Acala cultivars has earned 
them certain marketing advantages such, as easy sale and good price.
Fiber properties have also received strong emphasis in breeding PD cultivars and 
germplasms. PD is the abbreviation of the Pee Dee Experiment Station of the USDA at 
Florence, SC. The PD breeding program has long been involved in fiber quality 
improvement. The focus o f the early work was to transfer derivable fiber traits from G. 
barbadense to Upland cotton to develop extra-long staple Upland cottons. This 
breeding effort resulted in release of two extra-long staple Upland cultivars, ‘Sealand 
542 ’ and ‘Earlistaple 808 ’. In 1946, germplasms containing Beasley’s triple hybrid 
cross (G. arboreum IG. thurberi) // G. hirsutum were introduced into the PD breeding 
program. Breeders employed straight crossing and backcrossing to transfer genes 
governing good fiber quality from the triple hybrid to Upland cotton. Three cultivars,
SC - 1, PD1, and PD3, and a series of PD germplasm lines with high fiber quality were 
released by this breeding program. These three cultivars were not widely adapted 
though and were grown on a relatively small area of the southeast Cotton Belt.
However, one of the germplasm lines, PD 2165, has been used extensively in other 
breeding programs and become one of the highly influential lines. The contribution of 
the PD breeding program to cotton variety development has been reviewed in detail by 
Culp (1998).
Fiber quality is evaluated by a combination o f length, strength, and fineness 
measurements. Fiber length is important because it contributes to the quality of the
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yam. In general, longer fiber can been spun into finer yam. Fiber uniformity is relevant 
to spinning performance. Greater uniformity increases the utility of the cotton and 
reduces waste. Fiber strength, is important because it determines yam strength. Fiber 
fineness affects cloth quality and hand (how it feels). Breeders should consider all these 
fiber traits when they want to develop new varieties for production use.
The objectives of this study were to (i) investigate the variation of fiber 
properties among the ten influential cotton cultivars and (ii) determine GCA and SCA 
effects for fiber propertities o f these influential cultivars.
3.2 Materials and Methods
3.2.1 Materials
The ten influential cultivars used in this research are those described in Chapter 
2. Among these ten parents, McNair 235 and DES 56 were developed from crosses 
between PD germplasm lines and other Upland types. PD 2165 and Delcott 277 contain 
germplasm of the Beasley’s triple hybrid (Culp, 1998). Thus, some of the parents are 
related to one another. PD 2165 was developed particularly for high fiber quality and 
released as a germplasm line for the improvement of fiber strength and yam tenacity 
(Culp and Harrell, 1979).
3.2.2 Methods
The diallel cross was made and parents and Ft hybrids were grown as described 
in Chapter 2.
During the harvest season, a 50-boll sample of open bolls in each plot was 
handpicked from three replications of each test. Seed cotton of the 50-sample was
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ginned and a lint sample of about 50 g was taken and sent to the Fiber Testing 
Laboratory at Louisiana State University for the determination o f fiber properties: (i) 
upper half mean fiber length (UHM) = averaged length (mm) of the upper half of total 
fibers; (ii) fiber bundle strength (Str.) = g tex‘l, force necessary to break a specified fiber 
bundle; (iii) fiber length uniformity index (UI) = [mean length (mm) of all 
fiber]/[upper-half mean length (mm)], expressed as percentage; (iv) fiber elongation 
(Et) = the percent elongation at the break: of the center 3.2 mm of the fiber bundle 
measurement for fiber strength; and (v) micronaire reading (Mic.) = fineness o f the fiber 
expressed in standard micronaire unites.
Analysis of variance and combining ability analysis were the same as in Chapter 
2. Correlation analysis was carried out for GCA effects for yield, yield components, and 
fiber properties using SAS PROC CORR (SAS Institute, 1995).
3.3 Results and Discussion
3.3.1 Variation of fiber properties among parents
Analysis of variance was conducted to investigate variation of each of the fiber 
quality parameters among the ten influential cotton cultivars. Table 3.1 contains the 
results of analysis of variance for fiber properties among these cultivars.
Mean square for location effects for UHM length was 24.52 which had a F value 
of 22.14 and a P value o f0.0093. This indicated highly significant environment effects 
for UHM length. No significant block-within-location effects were detected but the F 
value was close to 0.05 (F = 0.0787), suggesting that certain levels of variation due to 
blocks might occur. Mean square for parent effects was 3.78 which gave a F value of
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5.01 and a P value o f 0.0125. Thus variation was significant for UHM length among the 
ten cultivars- A F value of 1.56 and a P value o f0.1656 suggested that parent x location 
interactions were not important.
For fiber elongation (E,), location effects were not significant at 0.05 level 
because the P value was 0.0963. No significant block effects were observed. Parents 
showed significant variation for fiber elongation as indicated by the F value of 4.50 and 
P value o f 0.0176. The interactions between parents and locations were significant.
Fiber strength (Str.) in g tex'1 was significantly different at two locations, as 
indicated by the F value o f 10.95 and the P value o f0.0297. Significant variation for 
this trait was also observed among the ten parents. Block-within-location effects were 
not significant. No significant parent x location interaction effects suggested that 
parents tended to vary the same way for fiber strength across the two environments.
None of the effects computed in analysis o f variance were significant for fiber 
length uniformity index (UI) at 0.05 level. Hence, parents were basically similar to one 
another for this fiber trait. Of the traits studied, this is the least variable trait among the 
ten influential cultivars.
Variation of micronaire readings (Mic.) was highly significant among the ten 
parents. Significant location effects were also detected. Block-within-location effects 
were not significant because F value was 1.12 which had a P value o f0.3646. The ten 
parents responded consistently to the two environments as shown by a low F value of 
1.10 and a high P value o f0.3854 for parent x location interactions.
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Table3.1 Analysis o f variance for fiber properties o f ten influential cotton
Traitt Source df Sum of 
squares
Mean
squares
F p > F
UHM Locations (L) 1 24.52 24.52 22.14 0.0093
Block/L 4 4.43 1.11 2.29 0.0787
Parents (P) 9 33.98 3.78 5.01 0.0125
P x L 9 6.78 0.75 1.56 0.1656
Error 36 17.42 0.48
Ei Locations (L) 1 0.77 0.77 4.69 0.0963
Block/L 4 0.66 0.16 1.01 0.4139
Parents (P) 9 14.38 1.60 4.50 0.0176
P xL 9 3.19 0.35 2.19 0.0467
Error 36 5.84 0.16
Str. Locations (L) 1 14.70 14.70 10.95 0.0297
Block/L 4 5.37 1.34 0.66 0.6233
Parent (P) 9 147.21 16.36 4.89 0.0134
P xL 9 30.08 3.34 1.65 0.1394
Error 36 73.12 2.03
t  UHM = upper half mean fiber length (mm); FE 
strength (g/tex).
fiber elongation; Str. = fiber bundle
(Table 3.1 cont.)
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(Table 3.1 cont.)
Traitf Source df Sum of 
squares
Mean
squares
F P >F
UI Locations (L) 1 11.18 11.18 628 0.0664
Block/L 4 7.12 1.78 1.69 0.1729
Parent (P) 9 28.69 3.19 1.64 02358
P x L 9 17.47 1.94 1.85 0.0931
Error 36 37.85 1.05
Mic. Locations (L) 1 0357 0357 1456 0.0188
Block/L 4 0.098 0.025 1.12 03646
Parent (P) 9 3398 0378 15 56 0.0002
P xL 9 0218 0.024 1.10 03854
Error 36 0.792 0.022
t  UI =fiber length uniformity index; Mic. =micronaire.
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The tea parents used in this study varied significantly for each of the fiber 
quality parameters except for fiber length uniformity index. Mean performances of the 
ten parents for fiber traits over the two locations are presented in Table 3.2.
Significance of differences for each trait among parents was determined by the LSD 
method. Averaged over the two locations, PD 2165 had the longest fibers at 29.68 mm 
UHM length, followed by Stoneville 2 at 28.87 UHM length. The fiber length of these 
two cultivars was not significantly different. CA 614 produced the shortest fibers, 26.84 
mm UHM length, and Deltapine 15 had the second shortest fibers at 27.56 mm UHM 
length. These two parents were not significantly different from each other in their fiber 
length. The other six cultivars had intermediate UHM length. Delcott 277 produced 
fibers with the highest elongation value of 7.45. Fibers of Lankart 57 had the second 
highest elongation value of 6.88. PD 2165 had the lowest elongation value (5.63) which 
was not significantly different from that of CA 614 (5.90). Fiber bundle strength ranged 
from 24.05 to 29.07 g tex'1. Fiber produced by PD 2165 was the strongest (29.07 g 
tex'1). DES 56 and Stoneville 2 exhibited the second and third strongest fibers, at 27.77 
and 27.37 g tex’1, respectively. Lankart 57, Deltapine 15, Paymaster 54, and McNair 
235 had the weakest fibers, ranging from 24.05 to 25.38 g tex 1. Fiber length uniformity 
(UI), as indicated in Table 3.1, showed little variation among the parents. Micronaire 
values ranged from 4.52 to 5.18 units among the ten parents. Micronaire represents 
fiber fineness and lower micronaire means finer fibers. In cotton markets, the desirable 
range of micronaire readings is from 3.5 to 4.9. Micronaire above 4.9 means coarse 
fibers and micronaire below 3.5 may indicate immaturity to the degree that an inferior
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Table 3.2 Mean performance for fiber properties o f ten influential cotton
cultivars at Winnsboro and St. Joseph, LA, in 1997.
Parent UHMf E« Str. UI Mic.
(mm) (g/tex) %
McNair 235 27.90cd£ 6.l2de 25.38def 84.45 5.18a
Coker 100W 28.58bc 6.20cde 26.30bcde 83.50 4.56e
Paymaster 54 27.86cd 6.35cde 24.70ef 83.85 4.9 lbc
Stoneville 2 28.87ab 6.15cde 27.37bc 83.80 4.6 Ide
Lankart 57 28.32bcd 6.88b 24.05f 83.90 4.52e
PD 2165 29.68a 5.63f 29.07a 85.17 4.69de
Deltapine 15 27.56de 6.62bc 24.13f 83.35 4.98b
CA614 26.84e 5.90ef 25.98cde 82.48 4.77cd
DES 56 28.66bc 6.40cd 27.77ab 84.13 5.16a
Delcott 277 28.74b 7.45a 27.00bcd 84.48 4.55e
t  UHM = upper half mean fiber length (mm); Et = fiber elongation; Str. = fi ser bundle
strength (g/tex); UI = fiber length uniformity index; Mic. = micronaire.
{ Means within column followed by the same letter are not significantly different at the 
5% level.
quality yam will be produced (Perkins et al., 1984). McNair 235 and DES 56 had 
coarse fibers, as indicated by their high micronaire values (5.18 and 5.16 units, 
respectively), whereas Lankart 57, Delcott 277, and Coker 100W had the finest fibers 
because these three parents had the lowest micronaire values (4.52, 4.55, and 4.56 
units). Fiber fineness o f Stoneville 2 and PD 2165 were not significantly different from 
those of Lankart 57, Delcott 277, and Coker 100 W.
80
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Among the ten parents, PD 2165 produced the longest, strongest, and fine fibers, 
and was obviously superior to the other parents in fiber quality. It was an outstanding  
germplasm line released to bonafide cotton geneticists and breeders in the late 1960’s 
(Culp, 1998). Stoneville 2 and Delcott 277 also had high fiber quality as compared to 
other cultivars except for PD 2165. Like PD 2165, Delcott 277 also c o ntains  
germplasm derived from the Beasley’s triple hybrid (Culp, 1998).
3.3.2 Combining ability analysis
Table 3.3 presents the results o f an analysis of variance for fiber length (UHM) 
among the 55 genotypes including 10 parents and 45 Ft hybrids. The mean square for 
location effects was 83.11 which resulted in a high F value of 105.69 and a low P value 
of 0.0001. This highly significant F value indicates that UHM length differed across the 
two locations. Block-within-location effects were also highly significant- Genotypes 
differed significantly for UHM length as shown by the highly significant F value of 
4.78. When this genotype variation is partitioned into GCA and SCA, both effects were 
significant, with the GCA effects being much greater than the SCA effects. Hence, both 
additive and non-additive gene actions were involved in inheritance of fiber length but 
additive genes play a greater role than non-additive genes. There were significant GCA 
x location and SCA x location interactions, suggesting that some GCA and SCA 
patterns changed across the two locations.
Estimates o f GCA effects for UHM length among the ten parents are presented 
in Table 3.4. PD 2165 was the best general combiner and increased UHM length by 
0.684 mm (P = 0.0001) in its F, hybrids. Lankart 57, Delcott 277, and DES 56 also
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Table 3.3 Analysis of variance for fiber length o f 55 cotton genotypes (10
parents and 45 F,s) at Winnsboro and St. Joseph, Louisiana, in 1997.
Source df Sum of squares Mean squares F-value P > F
Locations (L) 1 83.11 83.11 105.69 0.0001
Block/L 4 16.03 4.01 8.50 0.0001
Genotype (G) 54 203.01 3.76 4.78 0.0001
GCA 9 142.04 15.78 15.70 0.0001
SCA 45 60.97 1.35 1.83 0.0227
G xL 54 42.46 0.79 1.67 0.0056
GCAxL 9 9.05 1.01 2.13 0.0280
SCAx L 45 33.41 0.74 1.58 0.0178
Error 216 101.82 0.47
Table 3.4 Estimates of general combining ability (GCA) effects for fiber length
among ten influential cotton cultivars.
Parents GCA effects T for Ho: 
Parameter = 0
P > | T|
McNair 235 -0.604 -7.87 0.0001
Coker 100W 0.052 0.68 0.4971
Paymaster 54 -0.272 -3.55 0.0005
Stoneville 2 -0.004 -0.06 0.9561
Lankart 57 0.465 6.06 0.0001
PD 2165 0.684 8.91 0.0001
Deltapine 15 -0.396 -5.16 0.0001
CA 614 -0.646 -8.42 0.0001
DES 56 0.282 3.67 0.0003
Delcott 277 0.440 5.74 0.0001
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increased UHM length by 0.465 (P = 0.0001), 0.440 (P = 0.0001), and 0.282 mm 
(P = 0.0003), respectively, in their progenies, and can be classed as good general 
combiners . McNair 235, Paymaster 54, Deltapine 15, and CA 614 are classified to the 
group of poor general combiners because they produced F, hybrids whose UHM length 
was reduced by 0.604 (P = 0.0001), 0.272 (P = 0.0005), 0.396 (P = 0.0001), and 0.646 
mm (P = 0.0001), respectively. Coker 100W and Stoneville 2 performed neutrally in 
their GCA effects.
There were ten crosses expressing significant SCA effects (P < 0.05) for fiber 
length (Table 3.5). The UHM length of the hybrid McNair 235 / PD 2165 was 0.781 
mm shorter than would be expected by GCA effects of McNair 235 and PD 2165.
Coker 100W combined with Lankart 57 to increase UHM length by 0.898 mm. 
Paymaster 54 combined well with Lankart 57 for increased UHM length (0.673 mm) but 
combined poorly with Deltapine 15 for decreased UHM length (-0.626 mm). Stoneville 
2 / DES 56 had a positive SCA effect o f0.884. The highest positive SCA effect was 
detected from Lankart 57 / Deltapine 15 (0.965 mm). In another combination, Lankart 
57 combined poorly with CA 614. PD 2165 / Delcott 277 produced longer fibers than 
would be predicted from the GCA effects for PD 2165 and Delcott 277. CA 614 / DES 
56 and CA 614 / Delcott 277 had positive SCA effects (0.553 and 0.520 mm, 
respectively).
ANOVA results for fiber elongation among the 55 genotypes are given in Table 
3.6. Fiber elongation was significantly different across the two environments as shown 
by the high F value of 18.56 and the low P value o f0.0001. This means that
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Table 3.5 Estimates o f specific combining ability (SCA) significant at 0.05 level 
 for fiber length. _____________________  ____
Combinations SCA effects T for Ho: 
Parameter = 0
P > |T |
McNair 235/PD 2165 -0.781 -3.02 0.0028
Coker 100W /  Lankart 57 0.898 3.48 0.0006
Payamster 54 /  Lankart 57 0.673 2.60 0.0098
Paymaster 54 / Deltapine 15 -0.626 -2.42 0.0162
Stoneville 2 / DES 56 0.884 3.42 0.0007
Lankart 57 /  Deltapine 15 0.965 3.74 0.0002
Lankart 57 /  CA 614 -0.520 -2.01 0.0453
PD 2165/Delcott277 0.588 2.28 0.0238
CA 614/DES 56 0.553 2.14 0.0335
CA 614/Delcott 277 0.520 2.02 0.0449
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Table 3.6 Analysis of variance for fiber elongation of 55 cotton genotypes (10
parents and 45 F,s) at Winnsboro and S t Joseph, Louisiana, in 1997.
Source df Sum of squares Mean squares F-value P > F
Locations (L) 1 3.71 3.7L 18.56 0.0001
Block/L 4 2.47 0.62 3.88 0.0046
Genotype (G) 54 51.98 0.96 4.81 0.0001
GCA 9 38.74 4.30 23.52 0.0001
SCA 45 13.23 0.29 1.44 0.1126
G xL 54 10.81 0.20 1.26 0.1282
GCAxL 9 1.65 0.18 1.15 0.3271
SCA x L 45 9.16 0.20 1.28 0.1266
Error 216 34.35 0.16
Table 3.7 Estimates of general combining ability (GCA) effects for fiber
elongation among ten influential cotton cultivars.
Parents GCA effects T for Ho: 
Parameter = 0
P > | T|
McNair 235 -0.076 -1.71 0.0892
Coker 100W -0.059 -1.33 0.1839
Paymaster 54 0.043 0.97 0.3322
Stoneville 2 -0.061 -1.36 0.1739
Lankart 57 0.329 7.39 0.0001
PD 2165 -0.404 -9.06 0.0001
Deltapine 15 0.007 0.16 0.8715
CA 614 -0.257 -5.76 0.0001
DES 56 0.049 1.10 0.2741
Delcott 277 0.428 9.60 0.0001
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environmental conditions had a large effect upon elongation. Block effects were also 
highly significant. Genotypes varied significantly in fiber elongation. Highly 
significant GCA effects were observed, but SCA effects were not s ign ificant, which 
implies that additive gene action was the only source for variation for fiber elongation 
among the genotypes. There were no significant genotype x  location interactions for 
fiber elongation which suggests that mean fiber elongation response for parents and 
crosses tends to be consistent across environments.
GCA effects for fiber elongation for each o f the parents were estimated and the 
results are given in Table 3.7. While Delcott 277 and Lankart 57 both prove to be the 
best combiners for fiber elongation (T = 9.60 and 7.39; P — 0.0001 and 0.0001), PD 
2165 and CA 614 expressed significantly negative GCA effects (T = -9.06 and -5.76;
P = 0.0001 and 0.0001). The remaining six cultivars did not have GCA effects 
significantly different from zero.
Table 3.8 shows the results from an analysis of variance for fiber bundle strength 
(Str.) in g tex'1 of the parents and their F, hybrids. Mean square for location effects was 
30.79 which had a F value of 17.76 and a P value o f0.0001, suggesting highly 
significant differences for fiber strength between locations. Significant block-within- 
location effects were also detected. Genotypes had a sum o f  squares o f530.3 which 
accounted for about 50% of total variation. The mean square for genotypes was 9.82 
which had a F value of 5.66 and a P value o f0.0001. Thus genotype effects were highly 
significant GCA effects were highly significant, while SCA effects were not 
significant, suggesting that only additive gene action was o f major importance in
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determining the inheritance o f fiber strength. There were no genotype x location 
interaction effects detected.
GCA effects for fiber strength among the ten influential cotton cultivars were 
estimated and the corresponding t-tests were conducted to determine the significance of 
effects. The results are given in Table 3.9. The line with the best (indicated by a highly 
significant positive estimate) GCA effect was PD 2165, which had a GCA estimate of 
1.714. Delcott 277 was the line with the second best GCA estimate and increased fiber 
strength in its progenies by 0.674 g tex*1. Stoneville 2 also combined well as shown by 
its significant positive impact on fiber strength (GCA = 0.309; T = 2.09; P = 0.0379). 
Deltapine 15 decreased fiber strength in its F[ hybrids by 0.905 g tex'1 (T = -6.13; P = 
0.0001) and was the poorest general combiner for this trait, followed by McNair 235 
(GCA = -0.859; T = -5.82; P = 0.0001), Paymaster 54 (GCA = -0.700; T = -4.74; P = 
0.0001), and Lankart 57 (GCA = -0.441; T = -2.99; P = 0..0031). Coker 100W, CA 
614, and DES 56 had GCA effects which were not significantly different from zero.
Analysis of variance for fiber length uniformity index (UI) of 55 genotypes is 
presented in Table 3.10. Fiber length uniformity index varied significantly across the 
two environments as indicated by the high F value of 21.57 and the low P value of 
0.0001. Block effects were not significant. No significant differences were found 
among the 55 genotypes, suggesting little variation for the trait among the parents and 
the Ft hybrids. Of the traits investigated including yield, yield components, and fiber 
properties, this is the only one for which genotypes did not vary significantly. However, 
genotype x location interactions were highly significant, suggesting that environmental
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Table 3.8 Analysis o f variance for fiber strength o f 55 cotton genotypes (10
parents and 45 F,s) at Winnsboro and St. Joseph, Louisiana, in 1997.
Source df Sum of squares Mean squares F-value P > F
Locations (L) 1 30.79 30.79 17.76 0.0001
Block/L 4 22.38 5.60 3.20 0.0139
Genotypes (G) 54 530.13 9.82 5.66 0.0001
GCA 9 414.83 46.09 25.16 0.0001
SCA 45 115.30 2.56 1.49 0.0925
G xL 54 93.61 1.73 0.99 0.4964
GCAxL 9 16.49 1.83 1.05 0.4020
SCAxL 45 77.12 1.71 0.98 0.5120
Error 216 377.22 1.75
Table 3.9 Estimates of general combining ability (GCA) effects for fiber strength
(Str.) among ten influential coltton cultivars.
Parents GCA effects T for Ho: 
Parameter=0
P > 1 T[
McNair 235 -0.859 -5.82 0.0001
Coker 100W 0.056 0.38 0.7059
Paymaster 54 -0.700 -4.74 0.0001
Stoneville 2 0.309 2.09 0.0379
Lankart 57 -0.441 -2.99 0.0031
PD 2165 1.714 11.60 0.0001
Deltapine 15 -0.905 -6.13 0.0001
CA614 -0.014 -0.09 0.9267
DES 56 0.167 1.13 0.2598
Delcott 277 0.674 4.56 0.0001
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influence on UI was not the same for all the genotypes. Although there was a lack of 
variation among the parents and hybrids, this trait appears to be quantitatively inherited 
because environmental conditions had a large effect upon it.
Table 3.11 contains the analysis of variance for micronaire reading*; Location 
effects had a mean square o f 0.35 which had a F value of 6.92 and P value o f0.0007. 
Thus location effects were highly significant Block-within-location effects were also 
found to be highly significant because its F value was 4.27 which had a P value of 
0.0024. Genotypes were highly variable for micronaire and accounted for 60% of total 
variation. The highly significant differences for micronaire among genotypes were 
mainly attributable to GCA effects as the mean square for GCA was 1.36 which had a F 
value o f22.05 and a P value o f0.0001. No significant SCA effects were detected for
Table 3.10 Analysis o f variance for fiber length uniformity index o f 55 cotton 
genotypes (10 parents and 45 F,s) at Winnsboro and St. Joseph, Louisiana,
in 1997.
Source df Sum of squares Mean squares F-value P > F
Locations (L) 1 41.62 41.62 21.57 0.0001
Block/L 4 7.3 L 1.83 1.62 0.1711
Genotypes (G) 54 108.11 2.00 1.04 0.4430
GCA 9 54.62 6.07 1.47 0.2876
SCA 45 53.48 1.19 0.80 0.7714
G xL 54 104.24 1.93 1.71 0.0040
GCAxL 9 37.16 4.13 3.65 0.0003
SCAxL 45 67.07 1.49 1.32 0.1012
Error 216 244.28 1.13
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micronaire. These results indicate that additive gene action was the only source which 
caused genotypes to vary for fiber fineness. Genotype variation patterns were 
inconsistent across environments, as shown by the highly significant genotype x 
location interactions. The same was true for GCA and SCA effects because both the 
GCA x location interaction and the SCA x location interactions were highly significant
Estimated GCA effects for micronaire are presented in Table 3.L2. As stated by 
Perkins et al.(l984), micronaire is the measurement of fiber fineness, lower micronaire 
means finer fibers, and the premium, or no-discount, range for micronaire is from 3.5 to 
4.9. Delcott 277 reduced micronaire in its Ft hybrids by 0.174 units. Likewise, Lankart 
57 produced the progenies with decreased microniare values (GCA = -0.145; T = -7.56; 
P = 0.0001). In addition to these two cultivars, Stoneville 2, PD 2165, and Coker 100W 
also exhibited highly significant negative GCA effects. In contrast with these five 
parents, four parents, McNair 235, Paymaster 54, Deltapine 15, and DES 56 
significantly increased micronaire values in their progenies. CA 614 had a non­
significant GCA effect for micronaire.
In a diallel containing nine upland cotton varieties, Al-Rawi and Kohel (1970) 
found highly significant GCA and SCA effects for all fiber properties studied (50% span 
length, 2.5% span length, fiber strength, fiber elongation, and fiber fineness). Green and 
Culp (1990) conducted a five-parent (one Coker cultivar, one PD cultivar and three PD 
germplasm lines) diallel. There were no significant GCA and SCA effects for any of 
HVI fiber measurements (UHM length, fiber uniformity, fiber strength, and micronaire). 
However, when they used fiber data obtained from standard laboratory instrumentation
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Table 3.1 L Analysis of variance for fiber micronaire of 55 cotton genotypes (10
parents and 45 F,s) at Winns boro and St. Joseph, Louisiana, in 1997.
Source df Sum of squares Mean squares F-value P >F
Locations (L) 1 0.35 0.35 6.92 0.0007
Block/L 4 0.50 0.13 4.27 0.0024
Genotypes (G) 54 15.29 0.28 5.66 0.0001
GCA 9 12.20 1.36 22.05 0.0001
SCA 45 3.09 0.07 1.43 0.1170
G xL 54 2.71 0.05 1.72 0.0037
GCAxL 9 0.55 0.06 2.10 0.0305
SCAxL 45 2.16 0.05 1.64 0.0109
Error 216 6.32 0.03
Table 3.12 Estimates of general combining ability (GCA) effects for fiber
micronaire among ten influential cotton cultivars.
Parents GCA effects T for Ho: 
Parameter = 0
P > I T[
McNair 235 0.201 10.49 0.0001
Coker 100W -0.061 -3.17 0.0017
Paymaster 54 0.048 2.53 0.0121
Stoneville 2 -0.117 -6.12 0.0001
Lankart 57 -0.145 -7.56 0.0001
PD 2165 -0.079 -4.13 0.0001
Deltapine 15 0.100 5.25 0.0001
CA 614 0.023 1.20 0.2310
DES 56 0.203 10.63 0.0001
Delcott 277 -0.174 -9.12 0.0001
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(SLI) for analysis, they found significant GCA for fiber length, fiber elongation, length 
uniformity, but GCA effects for fiber strength and micronaire were not s ign ificant 
Recently, Coyle and Smith (1997) reported significant GCA and SCA for fiber strength, 
UHM length, micronaire, and length uniformity in at least one of two years. In our 
study, highly significant GCA effects were observed for fiber length, fiber strength, 
fiber elongation, and micronaire, but not for length uniformity. The only sign ificant 
SCA effect was for fiber length. Based on this information, the significance or 
magnitude o f GCA and SCA for fiber properties appear to depend on materials used, 
measurement methods, and environmental conditions.
Additive gene action was the only source o f variation for fiber strength, fiber 
elongation, and micronaire among the 55 genotypes because only GCA effects were 
significant for these three fiber traits. Both additive and non-additive gene actions were 
important in the inheritance of fiber length as indicated by significant GCA and SCA 
effects. Baker (1978) suggested to use the ratio of mean squares, 2GCA/(2GCA + 
SCA), to determine the relative importance of GCA and SCA. The closer this ratio to 1, 
the more important the additive effects. The ratio o f mean squares for fiber length was 
0.96. Therefore, fiber length is influenced mainly by additive gene action in the 
genotypes. Neither significant GCA nor significant SCA was detected for length 
uniformity, suggesting that the parents contained the same genes for this trait.
Fiber length, fiber strength, and fiber fineness are the three most important fiber 
properties- PD 2165 and Delcott 277 contributed fiber length, fiber strength, and fiber 
fineness improvement to their progenies, whereas McNair 235, Paymaster 54, and
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Deltapine 15 produced F, hybrids with decreased fiber length and strength and increased 
fiber fineness. Stoneville 2, the most influential line, contributed increased fiber 
strength and improved fiber fineness to its progenies but had no s ign ificant impact on 
fiber length. It was basically a good combiner for fiber properties. CA 614, the second 
influential line, was neutral in its GCA effects for fiber strength and fineness and was 
poor general combiner for fiber length.
3 3 3  Correlations among GCA effects for different traits
Relationships among GCA effects for yield, yield components, and fiber 
properties were investigated by computing the correlation coefficients between GCA 
effects. The results are shown in Table 3.13. There were highly significant positive 
correlations of lint yield and number of bolls per plant with seed cotton yield (r = 0.96 
and 0.96, respectively). Significant positive correlation of micronaire with seed cotton 
yield was also observed. Correlation of seed cotton yield with boll weight was 
significantly negative as was it correlation with seed index. Correlation coefficients of 
lint yield with bolls per plant, boll weight, lint percentage, seed index and micronaire 
were 0.97, -0.80, 0.81, -0.88, and 0.81, respectively, and these correlations were all 
highly significant Number of bolls per plant was negatively correlated to boll weight 
and seed index (r = -0.88 and -0.91, respectively), but positively correlated with lint 
percentage and micronaire (r = 0.72 and 0.82, respectively). Significant or highly 
significant correlations of boll weight with lint percentage, seed index, and micronaire 
were detected (r = -0.73, 0.90, and -0.80, respectively). Lint percentage was negatively 
correlated with seed index (r = -0.76) and positively correlated with micronaire (r =
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Table 3.13 Correlation coefficients between GCA effects and probabilities.
SCY LY B/P BW LP LI
SCYf r* 1.00
P 0.0
LY r 0.96 1.00
P 0.0001 0.0
B/P r 0.96 0.97 1.00
P 0.0001 0.0001 0.0
BW r -0.72 -0.80 -0.88 1.00
P 0.0184 0.0059 0.0009 0.0
LP r 0.62 0.81 0.72 -0.73 1.00
P 0.0572 0.0046 0.0190 0.0164 0.0
LI r -0.58 -0.47 -0.61 0.58 -0.08 1.00
P 0.0782 0.1730 0.0611 0.0803 0.8332 0.0
SI r -0.82 -0.88 -0.91 0.90 -0.76 0.71
P 0.0034 0.0007 0.0002 0.0004 0.0107 , 0.0228
UHM r -0.50 -0.55 -0.51 0.41 -0.52 0.48
P 0.1404 0.0975 0.1356 0.2448 0.1197 0.1572
E, r 0.14 0.11 -0.004 0.36 -0.01 0.25
P 0.6899 0.7572 0.9907 0.3127 0.9748 0.4819
Str. r -0.48 -0.53 -0.45 0.20 -0.49 0.26
P 0.1626 0.1138 0.1911 0.5711 0.1470 0.4748
UI r -0.44 -0.44 -0.48 0.43 -0.34 0.69
P 0.2058 0.1975 0.1587 0.2151 0.3342 0.0279
Mic. r 0.74 0.81 0.82 -0.80 0.75 -0.33
P 0.0142 0.0046 0.0034 0.0054 0.0123 0.3446
t  SCY = seed cotton yield; LY = lint yield; B/P = bolls/plant; BW = boll weight; LP = 
lint percentage; SI = seed index; LI = lint index, UHM = upper half mean fiber length 
(mm); Et = fiber elongation; Str. = fiber bundle strength (g/tex); UI = fiber length 
uniformity index; Mic. = micronaire. 
t  r = correlation coefficients and p = probabilities.
(Table 3.13 cont.)
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(Table 3.13 cont.)
SI UHM E, Str. UI Mic.
SCYf r$
P
LY r
P
B/P r
P
BW r
P
IP r
P
LI r
p
SI r 1.00
P 0.0
UHM r 0.69 1.00
P 0.0277 0.0
Ei r 0.18 021 1.00
P 0.6130 0.4586 0.0
Str. r 050 0.71 -030 1.00
P 0.1387 0.0217 03974 0.0
UI r 0.69 0.82 030 058 1.00
P 0.0278 0.0038 05849 0.0794 0.0
Mic. r -0.75 -058 -029 -050 -0.35 1.00
P 0.0117 0.0818 0.4138 0.1434 03216 0.0
f  SCY =seed cotton yield; LY =Iint yield; B/P =bolls/plant; BW =boll weight; LP = 
lint percentage; SI =seed index; I I  =lint index, UHM =upper half mean fiber length 
(mm); Et =fiber elongation; Str. =fiber bundle strength (g/tex); UI =fiber length 
uniformity index; Mic. =micronaire.
$ r correlation coefficients and p probabilities.
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0.75). Correlations of seed index and length uniformity with lint index were positive 
and significant (r =0.71 and 0.69). Seed index showed positive correlations with fiber 
length and length uniformity (r =0.69 and 0.69, respectively) and were negatively 
correlated with micronaire (r =-0.75). Significantly positive correlations o f fiber 
strength and length uniformity with fiber length were observed (r =0.71 and 0.82, 
respectively). The GCA effect for seed index was significantly correlated with GCA 
effects for a majority of the traits. One of the fiber properties, micronaire, expressed 
correlations with all the yield traits except for lint index, but had no relationship with 
any of the other fiber quality traits. Fiber elongation did not have any relationships with 
other traits measured in this study at P =0.05 level. Fiber strength had no significant 
correlations with yield traits, indicating that breeding improvement for fiber strength 
would not have an adverse influence on improvement for yield and yield components.
In other words, it is possible to simultaneously improve yield and fiber strength. So 
many significant correlations suggest that a lot of traits in plants are related to each 
other. It can be reasonably imagined, for example, that if a plant has large bolls, it 
generally sets fewer bolls.
3.4 Conclusions
The ten influential cotton cultivars were significantly different in fiber properties 
except in length uniformity. PD 2165 had the longest, strongest, and fine fibers and was 
superior to the other parents in fiber properties. Stoneville 2 and Delcott 277 also had 
higher fiber quality as compared with other parents except for PD 2165.
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Genotypes were significantly different in each o f the fiber properties investigated 
except in fiber length uniformity. Lack of variation for fiber length uniform ity is 
concordant with the hypothesis that these ten influential cultivars have the same genes 
or majority of genes in common for this fiber trait Highly significant variation caused 
by environments indicates that fiber length uniformity is a quantitatively inherited trait
GCA effects were highly significant for fiber length, fiber elongation, fiber 
strength, and micronaire. Thus additive genetic effects were important in determ ining  
the inheritance o f  these four fiber traits. PD 2165 was the best general combiner for 
important fiber properties. Delcott 277 also contributed increased fiber length and fiber 
strength and decreased fiber fineness to its progenies. On the contrary, McNair 235, 
Paymaster 54 , and Deltapine 15 were classed as poor general combiners that produced 
progenies having shorter, weaker, and coarse fibers. In this study, SCA effect was 
significant only for fiber length. It appears that non-additive genetic effects did not play 
important roles in the inheritance of most of the fiber properties of the ten parents.
Correlation analysis revealed many positive or negative relationships among the 
GCA effects for yield, yield components, and fiber properties. Seed index (seed size) 
was correlated with all other traits except for fiber elongation and strength. Micronaire 
had significant relationships with yield traits but not with other fiber traits. Fiber 
strength did not show significant correlations with yield and yield components.
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CHAPTER 4. DNA VARIATION IN TEN INFLUENTIAL 
UPLAND COTTON VARIETIES BY RAPDS
4.1 Introduction
One approach to evaluating the genetic diversity of cultivars released during a 
certain period o f time is through calculation o f the coefficients o f parentage (r). Some 
of the assumptions made to compute r values (Cox et al., 1986) include: (i) that a 
cultivar derived from a cross obtains one-half its genes from each parent; (ii) that all 
lines used in crossing are homozygous and homogeneous; (iii) that all original 
germplasm lines are unrelated to each other; (iv) that the r value between a selection 
from a cultivar and the cultivar equals 0.75; and (v) that the r value between two 
selections from the same cultivar is r = 0.75 2 = 0.56. When Bowman et al. (1996) 
estimated the average genetic contribution of each of the 49 breeding programs to the 
260 cotton cultivars released between 1970 - 1990, they assumed that all influential 
lines were unrelated. But sometimes such assumptions are not met. For example, PD 
2165 and Delcott 277 were developed from crosses containing Beasley’s triple hybrid 
germplasm. McNair 235 was selected from the cross of Coker 201 x PD 2165. DES 56 
was bred from the cross of Stoneville 213 x PD 2164. PD 2164 and PD 2165 are sister 
germplasm lines (Culp, 1998). Therefore, an understanding of the genetic similarity or 
distance of germplasm lines will provide additional information on the genetic diversity 
of modem cultivars.
Genetic relationships and genetic diversity can also be measured using 
polymorphic markers. Tatineni et al. (1996) used morphological characters to
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investigate the genetic diversity of 16 near-homozygous elite cotton genotypes derived 
from interspecific hybridization. They measured 19 morphological traits that had been 
traditionally used to distinguish G. hirsutum from G. barbadense on 16 genotypes and 
Pima S - 6 (G. barbadense). Using the morphological data, they were able to classify 
the 16 genotypes into two clusters, one resembling G. hirsutum and the other G. 
barbadense. Isozyme analysis is another method to study genetic diversity of cultivars. 
To assess levels and patterns o f genetic variation in G. hirsutum, Wendel et al. (1992) 
evaluated 538 accessions representing the full spectrum o f morphological and 
geographical diversity for allozyme variation at 50 loci (14 allozymes). O f the 538 
accessions, 50 were modem Upland cultivars that represented the four categories of 
cotton commercially grown in the U.S. (Eastern, Plains, Delta, and Acala). They found 
modest levels of variation in all accessions but low levels of variation in modem 
cultivars. The use of morphological characters and isozymes for evaluation of genetic 
variation is, however, limited due to a lack o f adequate levels of polymorphism. 
Molecular markers generated by different techniques developed in the 1980s and 1990s 
have become powerful tools to examine genetic variation because a large number of 
polymorphic markers are available. Due to its simplicity and speed, RAPD analysis is 
one of the most commonly used techniques because it produces numerous molecular 
markers. In cotton, RAPD markers have been used to investigate genetic relationships 
and genetic variation of cultivars or germplasm lines (Multani and Lyon, 1995; Tatineni 
et al., 1996; Iqbal et al., 1997).
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General combining ability (GCA) and specific combining ability (SCA) for 
yield, yield components, and fiber properties o f the ten influential cotton cultivars have 
been estimated in Chapter 2 and Chapter 3. Genetic variation in these traits among the 
ten cultivars has also been analyzed and was found to be significant for all the traits 
except for seed cotton yield and length uniformity. The objectives o f this research were 
(i) to evaluate the level of genetic diversity o f ten influential cotton cultivars using 
RAPD markers and (ii) to identity cultivar-specific RAPD markers to fingerprint the ten 
influential cultivars.
4.2 Materials and Methods
4.2.1 Materials
The ten influential cotton cultivars used in this research were those described in 
Chapter 2. They were McNair 235, Coker 100W, Paymaster 54, Stoneville 2, Lankart 
57, PD 2165, Deltapine 15, CA 614, DES 56, and Delcott 277. Since the seeds of these 
cultivars were kindly provided by Dr. E. Percival o f the National Cotton Germplasm 
Collection and were selfed, each cultivar was assumed to be a pure line and thus to be 
homozygous.
4.2.2 Methods
4.2.2.1 DNA extraction and purification
About ten plants were grown for each cultivar in pots in a greenhouse. Young 
fully expanded leaves (< 1 wk old) were harvested and bulked for DNA isolation from 
plants of each of the ten cultivars. Total genomic DNA was extracted using a procedure 
slightly modified from that of Altaf et al. (1997). About 3 g of leaf tissue was put into a
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50-mL centrifuge tube and agitated into small pieces after liquid nitrogen was added to 
the sample. The leaf sample was then mixed with 10 mL DNA extraction buffer [0.1 M 
Tris-HCI (pH8.0), 0.02 M EDTA (pH8.0), I M NaCl, 2% (w/v) CTAB (hexadecyl 
triammonium bromide), 2% (w/v) PVP 40 (polyvinylpyrolidone), ImM phenanthroline, 
and 0.2% (w/v) P-mercaptoethanol] and was homogenized at 10,000 rpm for 
approximately 15 sec. The sample was incubated at 70 °C for 1 h in a water bath.
After the sample was cooled for 1ft mm, an equal volume o f chloroform-isoamyl 
alcohol (24:1 v/v) was added and mixed gently with the sample to remove proteins. The 
mixture was centrifugated at 12,000 rpm for 10 min, The aqueous phase was 
transferred to a clean tube and extracted with chloroform-isoamyl alcohol (24:1 v/v) 
and centrifugated again. The supernatant was transferred to a new tube. Approximately 
2 volumes of ice-cold ethanol was added and the sample was kept at -20°C for 30 min to 
precipitate DNA. DNA was spooled out with a small glass hook and washed two times, 
first with a washing solution of 80% ethanol and 15 mM ammonium acetate for 20 min 
with gentle shaking and secondly with 100% ethanol for 20 min with gentle shaking.
The DNA pellet was air dried, dissolved in 5 mL of high salt TE [10 mM Tris (pH8.0),
I mM EDTA (pH8.0), and 1 M NaCl], and incubated at 60 °C for 2 h. 5 mL of 
extraction buffer without P-mercaptoethanol was then added and the sample was placed 
on a shaker for 2 h to dissolve the remaining pellet. Again, DNA was precipitated with 
cold ethanol and washed with ethanol as described above. The DNA pellet was dried 
and resuspended in 200 pL of IX TE buffer. The DNA sample was treated with 2 pL o f 
RNase A (10 mg mL'1) to destroy RNA overnight at room temperature. The
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concentration o f the genomic ONA preparations was determined by spectrophotometry 
at 260 nm using a Gene Quant (Pharmacia Biotech) and diluted to 10 ng pL'1 with 
sterile water. DNA samples were then stored in a refrigerator (-20°C) until used in the 
PCR amplification.
4.2.2.2 RAPD analysis
The PCR reaction mixture was prepared as described by Altaf et al. (1997). 
Briefly, the 25 pL amplification mixture contained 2.5 pL 10X PCR-II buffer [50mM 
Tris (pH 8.3); 500mM KC1]; 1.5 mM MgCl2; 0.2 mM each of dATP, dCTP, dGTP, and 
dTTP (Pharmacia Biotech); 0.2 mM of a decamer primer (Dr. J.B. Hobbs, University of 
British Columbia, Vancover); 0.5 unit of AmpliTaq DNA polymerase (Perkin Elmer); 
and 20 ng of genomic DNA as template.
DNA was amplified in a Perkin Elmer GeneAmp PCR System 9600, 
programmed for a first denaturation step of 2 min at 94 °C followed by 45 cycles of 94 
°C for 1 min, 35 °C for 1 min, and 72 °C for 2 min. After the completion of 45 cycles, a 
final extension at 72 °C was carried out for 5 min. The completed reactions were then 
held at 4 °C until electrophoresis.
PCR products were separated by loading 12 pL of each sample and 2 pL of 
loading buffer type II [0.25% bromophenol blue, 0.25% xylene cyanol FF, and 15% 
Ficoll (Type 400; Pharmacia Biotech) in water] on a 1.2% agarose gel prepared with 
0.5X TBE buffer. The samples were subject to electrophoresis at 90 - 100 V for 4 h in 
0.5X TBE buffer. The gel was stained with ethidium bromide and visualized under UV 
light. The amplification patterns were photographed on a Mitsubishi thermal paper
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attached to a Gel Doc 1000 (Bio-RAD) and Mitsubishi Video Copy Processor system 
controlled by the software Molecular Analyst. A total o f 86 primers (from UBC-115 to 
UBC-200) were screened for their ability to amplify DNA fragments. The amplified 
DNA fragments were scored as present or absent for all the cultivars.
4.2.23 Data analysis
The RAPD data were first checked for variety-specific DNA markers which 
could be used to genetically fingerprint the ten influential cotton cultivars. The 
coefficients of genetic similarity between all pairwise comparisons were computed 
using Jaccard’s formula Jv = a / (n-d) (Jaccard, 1908). In this formula, a is the number 
of DNA fragments present in both cultivar i and cultivar j ,  d represents the number of 
DNA fragments absent in both cultivars, and n is the total number of DNA bands. The 
obtained similarity coefficients were transformed into genetic distance (D) according to 
Swofford and Olson (1990) as: D = -In J. Genetic distances were utilized to produce a 
dendrogram by using the unweighted pair-group method based on arithmetic averages 
(UPGMA). This process started with the individual cultivars. Thus, there were initially 
as many as clusters as cultivars. The cultivars with the least genetic distance were first 
grouped, and these initial groups were merged based on increasing average distances 
between groups. Eventually, all subgroups were fused into a single cluster.
4.3 Results and Discussion
4.3.1 Primer screening and variety fingerprinting
Eighty-six primers were screened for their ability to amplify the genomic DNA 
of the ten influential cotton cultivars. These primers were from UBC-115 to UBC-200
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which belonged to UBC primer kit 2 (UBC-101 to UBC-200). Twenty-three amplified 
no fragments or yielded smeared bands that could not be clearly identified. A total of 
312 fragments were generated by the remaining 63 primers, with an average of about 5 
bands per primer. The number of DNA fragments amplified with each primer was a 
little higher than that reported by Tatineni et al. (1996) but much lower than that 
reported by Multani and Lyon (1995). Bands that a  primer could yield in this study 
ranged from one (UBC-116) to ten (UBC-141 and UBC-173). Of these 312 DNA bands 
amplified by 63 primers, 42 fragments showed polymorphism among the ten cultivars, 
which is an approximately 13.5% polymorphism. The rest of bands (86.5%) were 
monomorphic in all the ten cultivars. These results indicate that the level of DNA 
variation was low among the ten cultivars. In most cases, a primer yielded DNA 
banding patterns identical among the ten cultivars (Fig. 4.1). Only some primers could 
amplify DNA fragments that were polymorphic (Fig. 4.2).
All ten cultivars could be identified individually by using one variety-specific 
RAPD markers or a combination of two or more markers (Table 4.1). Primer UBC-132 
yielded a 1700 bp fragment (UBC-132-I710) that distinguished Coker 100W from the 
other nine cultivars. Paymaster 54 could be recognized by a single marker (UBC-191- 
420). Lankart 57 could be identified by the RAPD marker UBC-166-940. The marker 
UBC-192-430 can be used to identify PD 2165. CA 614 was distinguishable by the 
marker UBC-163-1500. The above five cultivars were identified by the presence of a 
special fragment each, while Deltapine 15 could be recognized by the absence of the 
band UBC-180-1100. The remaining four cultivars could only be identified by a
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a.
M l 2 3 4  5 6 7 8 9 10 M
b.
M 1 2 3 4 5 6 7 8 9 10 M
Lane 1 = McNair 235,2 = Coker 100W, 3 = Paymaster 54,4 = Stoneville 2, 5 = 
Lankart 57,6 = PD 2165,7 = Deltapine 15, 8 = CA 614,9 = DES 56,10 = Delcott 277, 
M = molecular weight markers (lOObp ladder plus). No polymorphism in DNA banding 
patterns was detected.
Fig. 4.1 Amplified products of ten influential cotton cultivars with primer 
UBC-143 (a) and primer UBC-173 (b).
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a.
M l 2 3 4 5 6 7 8 -9:10M
Lane 1 = McNair 235,2 = Coker 100W, 3 = Paymaster 54,4 = Stoneville 2, 5 = 
Lankart 57,6 = PD 2165, 7 = Deltapine 15, 8 = CA614,9 = DES 56,10 =Delcott 277, 
M = molecular weight markers (lOObp ladder plus). The absence of the amplified 
product UBC-126-380 in a was observed in McNair 235 and Stoneville 2 . The 
presence of the UBC-132-1710 in b distinguished Coker 100W from the other varieties.
Fig. 4.2 Amplification profiles o f ten influential cotton cultivars 
with primer UBC-126 (a) and primer UBC- 132 (b).
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Table 4.1 Variety identification by variety-specific RAPD markers
Variety Primer DNA fragment (bp)
McNair 235 UBC-148 850 (+■)
UBC-185 590 ( - )
Coker 100W UBC-I32 1710 (■*-)
Paymaster 54 UBC-191 420 (+ )
Stoneville 2 UBC-148 850 (+ )
UBC-185 590 (+ )
Lankart 57 UBC-166 940 (+ )
PD 2165 UBC-192 430 (+ )
Deltapine 15 UBC-180 1100 ( - )
CA 614 UBC-163 1500 (+ )
DES 56 UBC-141 850 ( - )
UBC-148 950 (+ )
Delcot 277 UBC-141 850 (+)
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combination of two markers. For example, McNair 235 could be identified by a 
combination of the presence o f UBC-I48-850 and the absence of UBC-185-590. There 
was no single primer that could identify more than one cultivar without the aid of other 
primers. All ten cultivars could be differentiated by using nine primers (UBC-132, 
UBC-141, UBC-148, UBC-163, UBC-166, UBC-180, UBC-185, UBC-191, UBC-192). 
Therefore, RAPD markers can be efficiently used for identification of cotton varieties. 
43.2 Cluster analysis
The genetic similarity matrix of RAPD data for the ten cultivars were 
constructed based on Jaccard’s (1908) coefficients of similarity and is shown in Table 
4.2. The genetic similarities o f the ten cultivars were high, ranging from 92.7% to 
97.6%. Coker 100W and PD 2165 had the greatest similarity (97.6%). The number of 
amplified fragments from both Coker 100W and PD 2165 with 63 primers was 290. 
These two cultivars differed from each other only in seven bands. The genetic similarity 
between McNair 235 and Stoneville 2 was the second highest (97.3%). They had 286 
amplified fragments in common and 8 fragments different. The similarity coefficient of 
Delcott 277 with Deltapine 15 was the lowest (92.7%). The primers generated 291 and 
287 fragments from Decott 277 and Deltapine 15, respectively. The number of 
fragments that could be amplified from both cultivars was 278 with another 22 bands 
being polymorphic in these two cultivars. PD 2165 and Paymaster 54 were 92.9% 
similar and the second least similar cultivar pair. Among the ten cultivars, Delcott 277 
had the least genetic similarity with all other cultivars. Its similarity was from 92.7% 
(with Deltapine 15) to 94.6% (with PD 2165 and DES 56).
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Genetic similarity coefficients for the ten cultivars in Table 4.2 were converted 
to genetic distance estimates using the formula D = -In J (Swofford and Olson, 1990). 
Genetic distance estimates were then utilized to produce a cluster by UPGMA method 
(Fig. 4.3). Since DNA similarities among the ten cultivars were high as revealed by 
RAPD analysis, the genetic diversity of these cultivars was low. All genetic distance 
estimates were less than 0.10. Coker 100W and PD 2165 grouped first because the 
genetic distance between them was the least (0.024). Genetic distance between McNair 
235 and Stoneville 2 was 0.027 and these two cultivars grouped together. In the 
dendrogram, Lankart 57 clustered with CA 614 and Paymaster 54 grouped with 
Deltapine 15 and DES 56. Delcott 277 did not cluster with any other cultivars, 
reflecting relatively higher genetic distance from other cultivars. Cultivars PD 2165, 
Coker 100W, and McNair 235 were developed in Southeast region, and Stoneville 2 
was developed in Mississippi Delta and was also well adapted to Southeast region. 
These four cultivars clustered together. CA 614 and Lankart 57 belonged to the 
cultivars of the Texas High Plains and formed a group. DES 56 and Deltapine 15, 
which formed a subcluster, were bred in Mississippi State. The geographical region 
where Delcott 277 was developed is quite different from the other regions o f Cotton 
. Belt, and Delcott 277 showed relatively larger genetic diversity from the other cultivars. 
Paymaster 54 was a Texas High Plains cultivar but had greater genetic similarity to two 
Mississippi Delta cultivars, Deltapine 15 and DES 56. It appears that results o f the 
cluster analysis based on the molecular data reflected to a certain extent the 
geographical origins and differences of the cultivars. However, the results of the
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Table 4.2 Similarity coefficients between pairs of ten influential cotton
cultivars based on RAPDs.
1 2 3 4 5 6 7 8 9
1 McNair 235
2 Coker 100W 0.966
3 Paymaster 54 0535 0533
4 Stoneville 2 0.973 0553 0533
5 Lankart 57 0.946 0546 0.945 0.959
6 PD 2165 0556 0576 0529 0563 0556
7 Deltapine 15 0556 0556 0555 0543 0.949 0539
8 CA 614 0540 0540 0546 0560 0553 0550 0543
9 DES 56 0543 0549 0556 0563 0556 0553 0559 0556
10 Delcott 277 0530 0537 0.932 0.937 0543 0546 0527 0534 0546
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Fig. 4.3 Cluster analysis of the ten influential cotton cultivars based on RAPD data.
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cluster analysis should be interpreted with caution because the genetic constitutions of 
these ten influential lines appear to be highly sim ilar.
Information on genetic diversity or genetic similarity in cotton is gradually being 
accumulated. Multani and Lyon (1995) found between 92.1 -  98.9% genetic similarity in 
nine closely related Australian cultivars of G. hirsutum based on their RAPD data. 
However, two other cultivars (DP 90 and CS50) and one breeding line (001-1223) were 
clearly distinct and showed approximately 30% genetic distance from those nine 
cultivars. The G. barbadense cultivar Pim a S-7 was only about 57% sim ilar to the G. 
hirsutum cultivars. In a similar research conducted by Iqbal et al. (1997), the genetic 
similarity of 17 G. hirsutum varieties ranged from 81.51 to 93.41%. Four other G. 
hirsutum cultivars and one G. arboreum cultivar showed lower similarity (in most cases 
< 80%) with the 17 cultivars and with each other. Tatineni et al. (1996) reported high 
genetic distance estimates (0.25 - 2.05) for 19 genotypes including 16 near-homozygous 
elite genotypes derived from interspecific hybridization between G. hirsutum and other 
Gossypium spp., [TM-1 (G. hirsutum), Pima 3-79 and Pima S-6 (both G. barbadense)].
It is difficult, however, to compare their results with others because the experimental 
materials were progenies of interspecific hybrids plus two species and those primers that 
yielded monomorphic amplified products in RAPD analysis were excluded from 
calculation of genetic similarity or genetic distance. In contrast, Wendel et al. (1992) 
applied allozyme analysis to 50 U.S. upland cultivars to measure genetic diversity and 
found that 14 (28%) of 50 allozyme loci were polymorphic. Later, they (Brubaker and 
Wendel, 1994) reported that only 14 (7%) o f205 RFLP loci were polymorphic among
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23 upland cultivars used in their study. In the present study, only 13.5%  o f  3 1 2  DNA 
fragments generated by 63  primers showed polymorphism. This result is more sim ilar  
to those of Wendel et al. (1 992 ) and Brubaker and Wendel (1 994 ) than those of Multani 
and Lyon (1995 ) and Iqbal et al. (1 9 9 7 ). According to Wendel et al. (1 9 9 2 )  and 
Brubaker and Wendel (1 9 9 4 ), modem upland cotton cultivars are genetically 
depauperate. The results of this study indicate that the most important germplasm 
represented by highly influential cotton lines are destitute o f variation at the DNA level 
as well.
4.4 Conclusions
Polymorphisms are prerequisite for studies of genetic relationships o r genetic 
diversity, DNA fingerprinting, genetic mapping, taxonomy, and population genetics. 
RAPDs provide an efficient means for detecting DNA sequence polymorphism and 
identifying molecular markers. Genomic DNAs of the ten influential cotton varieties 
were amplified with 86 UBC 10-mer primers in the present study. Sixty-three of 86 
primers yielded a total of 312 DNA fragments. There were 42 bands showing 
polymorphism among the ten cultivars. The level of polymorphism was low (13.5%). 
The previous work reported by Wendel et al. (1992) and Brubaker and Wendel (1994), 
who used allozyme and RFLP analyses to study genetic diversify in modem cotton 
cultivars, indicated that modem cultivars were largely devoid of genetic variation. The 
present research suggests that even the influential cotton varieties showed only low 
levels of genetic diversity.
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Genetic similarity among the ten varieties calculated based on RAPD data was 
from 92.7% to 97.6%. In cluster analysis, McNair 235 and Stoneville 2 grouped 
together first and Coker 100W clustered with PD 2165 second. Then these four 
cultivars formed a  bigger group. Delcott 277 was the last variety jo ining the cluster 
diagram. All the cultivars merged into a cluster with the genetic distance of less 
than 10%.
Although genetic diversity among the ten varieties was low, each o f the varieties 
could be individually identified by variety-specific RAPD markers. Nine primers were 
required to differentiate these varieties. This demonstrates that RAPD polymorphic 
markers are powerful tools to fingerprint varieties or lines with high genetic similarity.
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CHAPTERS. SUMMARY AND CONCLUSIONS
5.1 Summary
The pedigree information o f285 upland cotton cultivars and 5 Pima cotton 
cultivars released from 1970 to 1990 has been made public (Calhoun et al., 1994). 
Based on the pedigree information, Bowman et al. (1995,1996) computed coefficients 
of parentage among 260 o f285 upland cotton cultivars and assessed the genetic 
contributions o f specific source materials and specific conon breeding programs. They 
identified 16 highly influential varieties that had a high average genetic contribution to 
the 260 cultivars. This research was conducted to analyze general (GCA) and specific 
(SCA) combining abilities for yield, yield components, and fiber quality characteristics 
among ten influential Upland cotton varieties via a diallel cross that included the parents 
and Fl hybrids (no reciprocals) and to determine the amount of DNA variation in these 
cultivars through RAPD analysis. A significant GCA effect for a character indicates 
that additive gene action plays an important role in the inheritance of the trait. If a 
significant SCA effect for a trait is detected, then it can be interpreted as the 
involvement of non-additive gene action in the determination of that trait. RAPD 
polymorphism is the indicator of genetic variation in these ten varieties at the DNA 
molecular level.
Yield traits under investigation in this research were seed cotton yield and lint 
yield. The ten cultivars did not vary significantly for seed cotton yield but were 
significantly variable (P <0.05) for lint yield. Significant variation for seed cotton yield
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among the 55 genotypes (10 parents and 45 F,s) was observed, which was primarily due 
to significant GCA effects. SCA effects were not an important source o f gene action 
among the genotypes for this trait. Genotypes differed significantly in lint yield. GCA 
effects were highly significant (P < 0.01) for lint yield, while no significant SCA effects 
were detected.
Five yield component characters were studied: number of bolls per plant, boll 
size, lint percentage, seed index, and lint index. The ten cultivars showed highly 
significant variation for all o f the yield component characters. Similarly, highly 
significant differences existed for all the yield component traits among the 55 
genotypes. GCA effects were highly significant for every yield component. Highly 
significant SCA effects were detected for boll size, lint percentage, seed index, and lint 
index, but not for number of bolls per plant.
The 55 genotypes showed greater variation for yield and yield components than 
the ten parents, suggesting that crosses from parents have produced some F, hybrids that 
had higher or lower values for these traits than their parents. That F values for genotype 
effects were higher for boll weight, lint percentage, seed index, and lint index than for 
seed cotton yield, lint yield, and number of bolls per plant, indicating that genotypes had 
wider variation for the former four traits than for the latter three.
Five fiber quality characters estimated in the diallel analysis included fiber 
length (UHM), fiber elongation (Et), fiber strength (Str.), length uniformity (TJI), and 
micronaire (Mic.). The ten varieties varied significantly for each of the fiber traits 
except for length uniformity. The 55 genotypes also showed highly significant variation
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for fiber length, fiber elongation, fiber strength, and micronaire. GCA effects were 
highly significant for these four characters. SCA effects were significant only for fiber 
length. Therefore, SCA was not an important source of gene action for most o f fiber 
properties in this study.
Although significant or highly significant GCA effects were observed for 
majority of the traits investigated, parents performed diversely for their GCA effects for 
these traits. McNair235, Paymaster 54, and Deltapine 15 were good general combiners 
for both seed cotton yield and lint yield. They also expressed highly significant positive 
GCA effects for number o f bolls per plant and lint percentage. But they were poor 
general combiners for boll weight, fiber length, and fiber strength. PD 2165 produced 
progenies with increased fiber length, fiber strength, and fiber fineness. However, its 
GCA effect estimates were negative for bolls per plant, lint percentage, seed cotton 
yield, and lint yield. Stoneville 2, the most influential variety, had negative GCA effect 
estimates for seed cotton yield, lint yield, bolls per plant, lint percentage, and lint index. 
It contributed increased boll weight, seed index, and fiber strength and reduced 
micronaire to its Ft hybrids. CA 614, the second most influential line, only combined 
well for lint percentage. This variety produced progenies with decreased seed index, 
fiber length, and fiber elongation, and had no much impact on other traits. No varieties 
were found to combine well for all the characters.
A number of significant correlations among GCA effects for different traits were 
observed. There were more significant correlations among yield and yield components
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than among fiber properties. Seed index was significantly correlated with most o f the 
traits investigated whereas fiber elongation had no relationship with the other traits.
Environmental conditions had a great effect on yield yield components, and 
fiber properties. Highly significant (P < 0.01) location effects were detected for all the 
traits measured among the 55 genotypes, with seed index being the only exception. The 
low F value of 4.99 (still significant at 0.05 level) means that seed index was relatively 
less sensitive to environments compared with all the other characters. Genotype x 
location interactions were significant or highly significant for boll weight, lint 
percentage, lint index, seed index, fiber length, fiber length uniformity, and micronaire.
In the RAPD analysis, a total o f 312 fragments were amplified from the genomic 
DNAs of the ten parents. The level of polymorphism among the ten varieties was low 
because only 13.5% o f the amplified DNA fragments showed polymorphism. However, 
all ten varieties could be identified individually by either one variety-specific RAPD 
marker or a combination o f two or more markers.
The genetic similarity computed from the RAPD data using Jaccard’s (1908) 
formula was high among the ten cultivars, ranging from 92.7 to 97.6%. The variety 
having the least genetic similarity with all other cultivars was Delcott 277 whose 
similarity ranged from 92.7% (with Deltapine 15) to 94.6% (with PD 2165 and DES 
56). The genomic DNAs of Coker 100W and PD 2165 were the most similar (97.6%). 
In cluster analysis, Coker 100W and PD 2165 grouped first due to the highest DNA 
similarity between these two cultivars. McNair 235 and Stoneville 2 were the second
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closest group. The above two groups then merged into a subcluster. All ten varieties 
were combined into a single cluster at a genetic distance level of less than 10%.
5.2 Conclusions
In plant breeding, some germplasm lines or their progenies are used more 
frequently as parents for crosses to develop new varieties than other germplasms. They 
are presumed to contribute a larger proportion of genes to new varieties and are defined 
as influential lines. The most influential lines from 16 influential cotton breeding 
programs were identified based on the analysis of the pedigree o f260 cultivars released 
between 1970 and 1990. It would be beneficial to future cotton breeding to understand 
the genetic basis and range of variation in economically important traits among these 
influential lines.
The ten influential varieties investigated in this study showed extensive variation 
for 10 of 12 important yield and fiber traits. This result suggests that cotton breeders 
have utilized different types of germplasm lines to improve cotton. Stoneville 2 and 
Lankart 57 might have been used to increase boll size and thus to increase yield; 
Paymaster 54, McNair 235, and Deltapine 15 might have been used to develop cultivars 
with more bolls per plant and higher lint percentage; and PD 2165 might have been 
selected as a parent to improve fiber quality.
All the traits measured are quantitatively inherited. The diallel analysis showed 
that GCA effects were significant for all the traits except for fiber length uniformity. 
This indicates that additive gene action is of importance in the inheritance of the 
majority of yield and fiber traits. Non-additive gene action also plays role in the
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inheritance of boll size, lint percentage, seed index, lint index, and fiber length because 
significant SCA effects were detected for these traits.
In general, the varieties combining well for number of bolls per plant and lint 
percentage would also be good general combiners for seed cotton yield and lint yield. 
There is no cultivar that expressed positive GCA effects for all the traits.
RAPD analysis is one o f the most widely used techniques to develop molecular 
markers and can be used for different purposes in genetics and breeding research. The 
level of polymorphism revealed by RAPD analysis was low among the ten influential 
cultivars. Of 312 DNA fragments amplified by 63 decamer primers, only 42 (13.5%) 
were polymorphic. The remaining 270 (86.5%) fragments were fixed in the ten 
varieties. Although genetic similarity was high at DNA level, all ten varieties could be 
differentiated by nine primers.
Genetic similarities or distances among genotypes obtained from RAPD data can 
be used for construction of a genetic relationship dendrogram. The dendrogram shows 
diagrammatically which genotypes are genetically more similar to each other than 
others. This cluster technology is particularly useful when number of genotypes is large.
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